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ANNUAL  EEPORT 


OF  THE 


CHIEF  OF  ORDNAN 


TO  THE 


SECRETARY  OF  WAR 


FOB  THE 


FISCAL  TBAE  ENDED   JUNE   30,   1879. 


WASHINGTON: 

aOVEBNHENT  PEINTINO  OFFICE. 

1879. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


War  Depabtment,  Ordnance  Office, 

Washington^  October  20, 1879. 
The  lion.  Secretary  of  War: 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  principal 
operations  of  the  Ordnance  Department  during  the  fiscal  year  ended 
June  30, 1879,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  ser^^ce  seem  to  require. 

Under  the  various  laws  of  the  United  States,  the  Ordnance  Depart- 
ment provides  arms  and  munitions  of  war  for  the  whole  military  estab- 
lishment, and  has  charge  of  the  armories,  arsenals,  and  other  ordnance 
establishments  for  their  manufacture,  repairs,  and  storage.  Thus  at  the 
l)resent  time  the  department  is  providing  ordnance  and  ordnance  stores 
for  the  sea-coast  fortifications,  the  whole  body  of  the  militia,  the  Military 
Academy,  and  the  Artillery  School,  and  the  Eegular  Army,  in  the  mili- 
tary establishment,  and  to  the  Treasury,  Post-Office,  and  Interior  De- 
partments, and  the  Fish  Commission,  the  Marine  Corps,  and  the  thirty 
colleges  authorized  by  section  1225  Kevised  Statutes.  In  addition  to 
this  work  it  is  charged  with  other  important  duties  in  connection  there- 
with not  now  necessary  to  enumerate. 

The  fiscal  resoui^ces  and  expenditures  of  the  department  during  the 
year  were  as  follows,  viz: 

Ainouut  iu  the  Treasury  to  the  credit  of  approiiriations  ou  June  30, 

ie78 $100,402  9t> 

Amount  in  the  Treasury  not  reported  to  the  credit  of  apjiropriatious  on 
June  30,  1S78 19,034  95 

Amount  in  government  dcpoBitories  to  the  credit  of  dishuraing  officera 
and  others  on  Juno  30,  1878 101, 134  72 

Amount  of  ax)prox)riation8  for  the  service  of  the  ilHcal  year  ended  June 
30,  1879 1,410,054  41 

Amount  refunded  to  ordnance  approi)riation8  in  settling  accounts  dur- 
ing the  fiscal  year  ended  June  30,  1879 27,394  40 

Gross  amount  received  during  tlie  fiscal  year  ended  June  30,  1^79,  from 
sales  to  officers;  from  rents;  from  collections  from  troops  on  account 
of  losses  of,  or  damage  to,  ordnance  stores ;  from  Chicago,  Rock  Isl- 
and, and  Pacific  Railroad  Comi)any;  from  exchange  of  powder;  from 
sales  of  condemned  stores;  and  from  all  other  sources  not  before  men- 
tioned    74,638  30 

Total 1,792,659  74 
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Amount  of  expenditures  during  the  fiscal  year  ended  June  30,  1879,  in- 
oluding  exx>enses  attending  sales  of  condemned  stores,  exchange  of 
powder,  &c ^ $1,443,998  74 

Amount  deposited  in  the  Treasury  during  the  fiscal  year  ended  June  30, 
1879,  as  proceeds  of  sales  of  government  property 9, 144  71 

Amount  lapsed  in  the  Treasury  from  the  appropriation  "Ordnance  ma- 
terial," under  act  of  March  3, 1875,  during  the  fiscal  year  ended  June 
30,1879 203  00 

Amount  transferred  from  onlnance  appropriations  in  settling  accounts 
during  the  fiscal  year  ended  June  30,  1879...- 394  09 

Amount  turned  in  to  the  "surplus  fund"  on  June  30, 1878,  and  June  30, 
1879 33,149  87 

Amount  in  government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  Juno  30,  1879 77,845  25 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations  on 
June  30, 1879 3,075  63 

Amount  in  the  Treasury  to  the  credit  of  api)rox)riations  on  June  30, 
1879 224,848  45 

Total 1,792,659  74 

STATIONS  AND  DUTIES. 

With  few  exceptions,  the  stations  and  duties  of  the  officers  remain  the 
same  as  reported  last  year,  \iz :  Two  at  the  Ordnance  Office;  thirty-four 
at  the  arsenals,  armory,  and  powder  depots;  eight  at  the  ordnance 
agency,  on  the  Ordnance  Board  and  at  the  foundries ;  seven  at  the  dif- 
ferent military  headquarters  and  ordnance  depots ;  four  at  the  Military 
Academy;  two  under  the  orders  of  the  honorable  Secretary  of  the 
Interior,  and  two  on  leave  of  absence  (sick).  Captains  C.  E.  Dutton 
and  Pitman  have,  on  application  of  the  Secretary  of  the  Interior,  been 
detailed  for  duty  in  that  department,  and  Lieutenant  Lyle  still  continues 
on  duty  in  the  Life-Saving  Service  under  the  Secretary  of  the  Treasury. 
Under  the  operations  of  existing  laws,  four  officers  have  been  transferred 
to  the  department  from  the  line  of  the  Army,  after  passing  satisfactory 
examinations  preliminary  thereto. 

During  the  past  year  death  has  taken  one  of  our  most*  meritorious 
officers — Lieutenant-Colonel  Tread  well.  To  abilities  of  no  common  order, 
and  to  services  highly  distinguished,  he  added  a  pure  record  and  a 
kindly  nature,  and  his  loss  is  deplored  by  the  entire  department. 

All  of  the  officers  of  the  department  have  been  busOy  engaged  on  the 
important  duties  devolved  upon  them  by  law,  and  the  results  of  some 
of  their  labors  are  shown  in  the  many  interesting  and  valuable  papers 
appended. 

I  append  a  roster  of  the  corps,  with  the  stations  and  duties  of  each 
officer. 

ABSENALS,  ARMORIES,  AND  DEPOTS. 

The  various  duties  at  our  ordnance  establishments  have  been  per- 
formed in  a  most  satisfactory  way,  and  the  moneys  appropriated  for  re- 
pairs and  improvements  have,  it  is  believed,  been  expended  in  an  eco- 
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noiiiical  and  judicious  manner,  yet  in  most  instances  the  money  available 
has  been  of  so  small  an  amount  as  to  i)reclude  anything  but  the  most 
minor  work.  I  have  estimated  for  the  next  fiscal  year  for  sums  which 
I  consider  should  be  granted  to  enable  me  to  properly  preserve  and  pro- 
tect the  large  public  property  under  the  control  of  the  department. 

Bj'  a  reference  to  the  rei>ort  of  the  operations  carried  on  at  the  Bock 
Island  Arsenal  it  vnh  be  seen  that  the  construction  of  the  new  buildings 
has  progressed  in  a  satisfactory  manner,  and  with  the  aid  of  the  new 
appropriations  asked  for,  the  workshops  will  soon  be  in  a  condition  to 
receive  their  machinery  and  commence  manufacturing  to  meet  the  future 
wants  of  the  country. 

The  ordnance  depots  have  met  the  expectations  of  this  office,  and 
have  proven  to  be  of  great  convenience  in  speedily  stti)plying  the  troops 
serving  in  the  field  against  the  hostile  Indians.  Ample  supplies  have 
been  collected  and  placed  under  the  immediate  control  of  the  military 
commanders  interested,  and  by  them  have  been  distributed  to  their 
commands  as  occasion  has  demanded. 

An  officer  of  the  department  is  now  engaged  in  examining  the  various 
sites  offered  for  the  establishment  of  the  new  i)Owder  depot  on  the  At- 
lantic coast,  and  it  is  presumed  that  he  will  soon  be  able  to  recommend  a 
suitable  location,  when  steps  will  be  taken  to  secure  sufficient  land  for 
the  erection  of  the  proper  magazines  and  other  buildings  for  the  storage 
and  handling  of  i)Owder. 

I  beg  to  ask  the  especial  attention  of  the  Secretary  of  War  to  my 
estimate  for  continuing  the  boring  of  the  artesian  well  at  the  Benicia 
Arsenal  to  a  depth  sufficient  to  determine  whether  a  good  supply  of 
palatable  water  can  be  procured.  The  well  has  now  reached  a  depth  of 
1,407  feet,  and  it  is  thought  proi>er  to  carrj^  it  down  600  feet  more.  A 
perusal  of  the  interesting  report  of  the  commanding  officer  of  that 
arsenal  (Appendix  L)  will  show  what  difficulties  have  been  encountered 
and  overcome  so  tar,  and  what  may  be  expected  in  the  future  progress 
of  the  work.  The  many  artesian  wells  on  the  Pacific  coast  have  been 
of  a  depth  only  sufficient  to  reach  surface  water,  which  is  neither  con- 
stant in  quantity  nor  sufficient  in  supply.  Whether  at  a  depth  such  as 
has  been  reached  in  other  quarters  of  the  globe  a  full,  constant  supply  can 
be  obtained,  is  a  matter  that  deeply  concerns  the  manufacturing  and 
agricultural  interests  of  the  Pacific  coast,  and  1  trust  ^that  it  will  be 
deemed  of  sufficient  importance  to  strongly  recommend  to  Congress  the 
desirability  of  a  proper  appropriation  to  demonstrate  its  success  or 
failure. 

A  recent  official  \i8it  to  the  Benicia  Arsenal  has  impressed  me  most 
forcibly  with  the  wants  of  that  national  establishment,  and  the  pressing 
necessity  of  enlarging  and  perfecting  its  manufacturing  and  storing  facili- 
ties. Under  the  careful,  economical,  and  intelligent  command  of  Lieu- 
tenant-Colonel McAllister  the  arsenal  has  been  established  on  a  satis- 
fiactory  basis,  reflecting  great  credit  on  his  executive  and  administrative 
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capacity  and  professional  attainments.  The  constantly  increasing  wants 
of  the  Pacific  coast  demand  the  fostering  care  on  the  part  of  Congress 
of  this,  the  only  manufacturing  establishment  owned  by  the  United 
States  in  that  region.  I  earnestly  recommend  liberal  appropriations  for 
that  arsenal. 

I  have  renewed  my  estimate  for  an  appropriation  to  purchase  a  smaU 
tract  of  land  adjoining  the  San  Antonio  Arsenal.  It  is  absolutely  indis- 
X>ensable  for  the  security  of  the  arsenal  buildings  and  the  public  prop- 
erty stored  therein  that  the  government  should  own  this  property.  Its 
proximity  to  the  frontier  may  some  day  require  an  increase  to  its  capac- 
ity, and  this  additional  ground  will  be  absolutely  necessary.  Its  i)ur- 
chase  has  been  often  recommended,  and  the  recommendation  has  always 
received  a  favorable  hearing  in  the  Congress,  but  so  far,  from  some  cause^ 
the  necessary  funds  have  not  been  appropriated.  Executive  Document 
No.  48,  House  of  Eepresentatives,  Forty-second  Congress,  third  session, 
fully  explains  the  necessity  of  its  early  acquirement. 

Since  my  last  report,  the  erection  of  a  building  at  the  proving  ground 
at  Sandy  Hook,  N.  J.,  has  been  nearly  completed,  and  it  is  now  occu- 
pied for  the  purpose  intended,  giving  good  accommodations  for  the  offi- 
cers and  others  interested  in  the  important  labors  at  all  times  in  pro- 
gress. During  the  present  fiscal  year  the  quarters  authorized  for  the 
superintendent  of  the  grounds  will  be  completed,  and  the  work  of  grad- 
ing and  leveling  the  grounds,  so  far  as  the  limited  appropriation  will  per- 
mit, will  be  carried  on.  To  make  the  proving  ground  what  it  should  be 
requires  additional  facilities  for  the  storage  of  powder  and  other  ord- 
nance property,  and  for  the  accommodation  of  the  force  of  mechanics 
and  laborers  at  all  times  emx)loyed  there,  and  to  meet  those  requirements 
I  have  asked  for  certain  sums  of  money  to  be  expended  during  the  next 
fiscal  year,  the  detailed  necessity  for  which  is  set  forth  in  the  Book  of 
Estimates,  and  to  which  I  beg  to  refer. 

ARMAMENT  OF  FORTIFICATIONS. 

An  estimate  of  $950,000  for  this  puii)Ose  has  been  submitted  for  the 
next  fiscal  year.  The  limited  appropriations  for  the  year  1878-'79  for 
sea-coast  armament  have  been  mainly  used  in  the  conversion  of  10-inch 
smooth-bores  into  8-inch  rifles,  and  the  provision  of  carriages  for  the 
same,  and  existing  contracts  are  now  rapidly  approaching  completion. 

In  my  report  of  1878, 1  stated  that — 

There  are  but  two  manufacturing  establishments  in  the  country  having  the  facilities 
and  experience  necessary  for  the  conversion  of  guns  on  the  plan  adopted.  These  are 
the  We«t  Point  Foundery,  Cold  Spring,  New  York,  and  the  South  Boston  Foundery, 
Massachusetts,  both  of  which  have  done  foundeiy  work  for  the  government  since  the 
commencement  of  the  century.  As  in  all  probability  we  will  have  to  depend  on  these 
establishments  in  the  future,  the  department  ought  to  be  in  condition  to  keep  them  in 
sufficient  orders  to  preserve  the  plant  and  mechanical  skiU  without  loss  to  the  com- 
panies. 
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And  added — 

Irrespective,  however,  of  any  consideration  of  persons  or  profit  the  present  nrgent 
wants  of  oar  forts  for  armament,  and  the  impossibility  of  supplying  it  except  by  a  slow 
and  careful  process  incompatible  with  the  rush  of  events  in  impending  war,  the  economy 
of  working  at  present  prices,  besides  giving  the  idle  mechanic  the  privilege  of  labor- 
ing for  his  bread,  all  appeal  to  Congress  for  a  largo  permanent  annual  appropriation 
for  this  national  necessity. 

My  convictions  as  to  the  soundness  of  the  policy  of  extending  gov- 
ernmental support  to,  and  thereby  actually  keeping  in  existence,  the 
only  establishments  in  the  country  organized  and  fitted  to  fabricate 
heavj-  ordnance,  are  deepened  by  a  fuller  consciousness  of  how  inade- 
quately we  are  provided  in  this  respect  for  even  common  emergencies. 
This,  taken  in  connection  with  the  fact  that  our  present  sea-coast  arma- 
ments (principally  composed  of  smooth-bores)  are  almost  useless  for 
coping  with  the  heavy  artillery  of  the  present,  leads  me  again  to  urgently 
recommend  that  Congress  be  asked  to  consider  the  granting  of  liberal 
appropriations  for  our  national  defenses,  as  a  matter  of  the  first  im- 
portance. 

The  alterations  of  casemate  carriages  for  8-inch  converted  rifles  have 
progressed  satisfactorily  during  the  past  year,  the  product  enabling  us 
to  provide  for  the  guns  which  have  been  so  far  converted,  and  now 
available  for  mounting  by  the  department.  In  consequence,  seventy-five 
8-inch  rifles  ordered  for  distribution  now  occupy  their  emplacements  in 
the  forts,  or  will  shortly  be  in  their  positions ;  and,  although  the  num- 
ber is  small  and  the  guns  of  inadequate  ix)wer  for  the  more  important 
positions  (now  occupied  principally  by  smooth-bore  gims),  yet  they  pro- 
vide iwwerful  batteries  for  our  existing  casemates  of  contracted  dimen- 
sions, and  hence  the  conversion  of  10-inch  smooth-bores  should  be  con- 
tinued as  rapidly  as  funds  for  the  purpose  are  provided. 

In  this  connection,  however,  it  is  to  be  remarked  that  the  provision  of 

ft  .  , 

guns  of  much  higher  j)0wer8  is  a  first  necessity,  and  that  the  expendi- 
tures of  moneys  looking  to  the  provision  of  the  latter  should,  if  practi- 
cable, take  precedence  in  the  use  of  funds  over  all  other  constructions. 

In  consequence  of  these  views,  the  conversion  of  a  15-inch  smooth- 
bore into  an  11-inch  rifie— referred  to  in  my  report  of  last  year — was 
undertaken,  and  the  gun  is  now  on  the  grounds  at  Sandy  Hook  under- 
going  its  proof.  It  has  been  fired  up  to  date  only  33  rounds,  and  with 
charges  varying  from  70  to  85  pounds,  and  shot  weighing  from  503  to 
506  pounds.  The  trials  are  too  few,  of  course,  to  draw  any  inferences  ad 
to  its  ultimate  endurance ;  but  it  may  be  stated  that  the  gun  appears, 
so  far,  to  be  sound  in  all  respects.  Its  test  will  be  pushed  forward  to 
a  completion  as  rapidly  as  the  circumstances  attending  the  proof  will 
admit. 

The  want  of  means,  and  the  introducing  of  some  changes  in  the  trav- 
erse gear  of  the  chassis  of  the  carriage  of  the  12-inch  rifle,  have  led 
to  a  suspension  of  the  trials  with  this  gun. 

The  10-inch  rifle,  also,  has  only  been  fired  a  few  rounds  since  the  last 
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rei>ort,  it  being  thought  more  important  to  apply  our  available  means  to 
the  test  of  the  11-inch  construction ;  also  to  retain  it,  for  the  present, 
for  use  in  the  important  duty  of  testing  different  experimental  powders 
and  projectiles. 

The  important  tests  of  the  8-inch  breech-loading  rifle,  converted  from 
a  10-inch  smooth-bore  gun,  and  mentioned  as  completed  and  under  proof, 
in  my  last  rei)ort,  are  still  in  progress,  and  up  to  date  202  rounds  (190 
with  full  battering  charges)  have  been  successfully  completed.  The 
endurance  so  far  has  proved  satisfactory,  and  no  evidences  of  want  of 
endurance  in  its  special  construction  have  been  so  far  afforded;  and  we 
have  good  grounds  for  the  opinion  that  it  will  stand  its  thorough  proof, 
and  establish  the  fact  that  we  can  convert,  after  this  system,  our  orig- 
inal smooth-bore  cast-iron  guns  into  breech-loaders,  or  produce  original 
breech-loading  cannon  of  the  heaviest  construction,  using  in  a  short 
time  wholly  the  products  of  our  own  foimderies  and  other  manufactur- 
ing establishments. 

In  my  report  of  1876  I  alluded  to  the  decided  advantages  to  be  de- 
rived from  the  use  of  breech-loading  rifles,  especially  in  casemated 
works.  Since  then  the  unfortunate  disaster  on  board  of  the  "Thun- 
derer" (the  bursting  of  a  38-ton  M.  L.  gun  by  the  accidental  insertion 
of  two  charges — ^impossible  to  occur  in  breech-loaders)  and  the  unex- 
celled results  (in  power,  accuracy,  and  successful  manipulation)  recently 
attained  at  Meppen  by  Herr  Kxupp  in  the  trials  of  his  breech-loading 
guns  of  70  and  18  tons,  have  led  to  the  con>iction  that  it  is  highly 
probable  that  the  general  introduction  of  breech-loading  instead  of  muz- 
zle-loading cannon  in  the  armaments  of  Europe — ^for  all  heavy  ord- 
nance especially — is  a  mere  matter  of  time.  In  fact,  the  high  charges  now 
employed — requiring  long  and  large  chambers,  and,  as  a  sequence  to 
their  use,  great  lengths  of  bores,  so  increases  the  cumbersomeness  and 
inconveniences  of  the  loading  apparatus  required  for  muzzle-loaders 
(besides  resulting  in  exposure  to  xyersonnel  and  materiel)  that  it  is 
believed  it  will  be  decidedly  difficult,  if  not  almost  impracticable,  to 
operate  muzzle-loaders  constructed  after  the  more  recent  models  with 
desirable  convenience  and  safety. 

These  facts  have  not  been  lost  on  the  department,  and  plans  are  now 
in  its  possession  looking  to  the  prompt  application  of  the  princii)les  of 
chambering  and  breech-loading  to  our  present  guns,  and  to  new  con- 
structions, whenever  favorable  action  on  the  part  of  Congress  will  en- 
able us  to  undertake  the  introduction  into  our  service  of  these  recent 
and  most  important  and  decided  improvements. 

Chambered  rifles, — ^The  decided  advantages  resulting  from  the  intro- 
duction of  chambers,  with  increased  lengths  of  bores,  for  the  employment 
of  heavy  charges,  have  been  demonstrated  by  testing  a  3-inch  rifle 
chambered  and  lengthened. 

This  gun  was  selected,  as  it  enabled  the  department,  in  a  prompt  and 
inexpensive  manner,  to  test  these  novel  features.    The  result^s,  as  shown 
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by  the  record,  were  highly  satisfactory,  and  equaling  those  obtained 
abroad.  An  initial  velocity  of  2,025  feet  was  reached  by  the  use  of  5 
I)oiinds  13  ounces  of  powder  with  10.5  i)ound  projectile,  the  pressures 
only  being  30,000  pounds  per  square  inch. 

The  highest  velocity  yet  attained  with  the  ordinary  3-inch  rifle  is, 
with  the  liighest  charge  practicable,  3  pounds  of  powder  with  10.5 
pound  projectile,  1,558  feet,  with  a  pressure  of  36,333  pounds  per  square 
inch. 

The  importance  of  changing  our  rifling  to  a  more  rapid  twist,  if  found 
by  experiments  to  be  practicable,  ha«  been  recognized  for  some  time  by 
the  department,  and  a  3-inch  rifle  with  a  shorter  twist  than  found  in  the 
service  gun  has  been  prepared  and  is  now  under  trial  with  varying 
weights  and  lengths  of  projectiles. 

It  is  believed  that  the  results  will  be  valuable  in  practically  demon- 
strating the  increased  capacity  and  power  ft-om  the  use  of  a  shorter 
tw  ist,  and  that  they  will  show  the  advisability  of  using  a  more  rapid 
twist  in  our  heavy  calibers. 

Breech-loading  field  rifle. — ^A  wrought-iron  fleld  gun  was,  on  i)lans 
recommended  by  Lieutenant-Colonel  Crispin,  constructor  of  ordnance, 
converted,  at  small  expense,  into  a  breech-loading  rifle.  The  results  of 
its  trial  have  been  very  satisfactory,  and  the  Ordnance  Board  recom- 
mends that  a  battery  of  these  be  made  for  issue  to  the  service  for  com- 
l>etitive  trials  with  the  muzzle-loaders.  As  this  experiment  can  be  made 
at  trifling  expense  by  converting  guns  on  hand,  and  enable  us  to  get 
an  expression  of  opinion  from  artillery  officers  as  to  the  relative  merits 
of  muzzle  and  breech-loaders  for  service,  the  recommendation,  if  it 
meets  your  approval,  will  be  carried  out  at  the  earliest  practicable 
moment. 

Powder  tests. — During  the  past  year  tests  have  been  made  of  a  variety 
of  samples  of  experimental  powders  for  the  11-inch,  8-inch,  4.5-inch,  and 
3-inch  rifles,  and  the  results  obtained  are  summarized  and  appended  to 
the  firing  records  of  those  several  guns. 

These  experiments,  though  not  yet  completed,  undoubtedly  indicate 
progress  in  the  right  direction ;  and  it  is  confidently  believed  that  ere 
long  we  will  be  enabled  to  procure  powders  which  will  give  in  these 
several  guns  about  the  initial  velocity  desired,  with  moderate  and  safe 
pressures.  In  this  connection,  it  may  be  said  that  great  credit  is  due 
Messrs.  Du  Pont  &  Co.  for  the  intelligent  manner  in  which  they  have 
interpreted  the  results  of  the  experiments  and  promptly  met  the  wants 
of  the  department  in  furnishing  samples. 

Experimental  guns. — ^Under  the  act  of  Congress  approved  June  6, 1872, 
appropriating  funds  for  the  procurement  and  tests  of  experimental  rifled 
ordnance  of  heavy  calibers  (to  be  selected  by  a  board  of  officers  of  the 
United  States  Army  to  be  appointed  by  the  honorable  Secretary-  of 
War),  the  department,  under  the  authority  of  law,  has  procured,  amongst 
others,  several  guns  which  are  now  on  hand  at  the  proving-ground  at 
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Sandy  Hook  awaiting  trial.  These  guns  are  the  Woodbridge  10-inch 
rifle,  the  Thompson  12-inch  breech-loading  rifle,  the  Sutcliffe  9-inch 
breech-loading  rifle,  the  Lyman  multicharge  gun,  and  the  Mann  8-inch 
breech-loading  rifle. 

The  Woodbridge  gun  has  been  fired  ten  rounds ;  the  Thompson  two 
rounds ;  the  Sutcliffe  twenty-six  rounds ;  the  Mann  eleven  rounds,  and 
the  Multicharge  gun  three  rounds. 

The  extent  of  the  tests  so  far  made  are  meager  in  the  extreme,  and  no 
evidence  of  any  special  importance  of  the  merits  of  any  one  of  these  ex- 
perimental guns  has  consequently  been  obtained.  They  have  been  in 
the  possession  of  the  department,  awaiting  trial,  for  three  or  four  years, 
but  want  of  funds  to  undertake  what  may  be  regarded  as  a  suitable 
proof  has  prevented  the  prosecution  of  the  work.  They  were  selected 
by  a  board  of  officers  after  careful  investigation  as  to  their  presumed 
merits  as  systems  of  construction  (both  breech  and  muzzle-loaders),  and 
have  been  procured  at  considerable  expense  to  the  government. 

In  view  of  the  facts  that  they  were  provided  for  experiments  and  tests, 
and  that  none  have  so  far  been  made  to  any  extent,  and,  in  view  of  the 
developments  to  be  expected  regarding  the  numerous  questions  involved 
in  gun  constructions,  both  muzzle-loading  and  breech-loading,  the  in- 
teresting and  important  developments  to  be  made  in  the  furthei'ance  of 
the  solution  of  the  ballistis  questions  now  occupying  the  attention  of  the 
civilized  world,  and  improvements  to  be  developed  in  powders,  projec- 
tiles, and  systems  of  rifling,  &c.,  some  measures  looking  to  the  trial  of 
these  guns^  and  as  contemplated  by  law  of  June  6, 1872,  and  to  fully 
test  these  different  inventions^  (recommended  by  the  board  organized 
under  the  act),  should  be  instituted  by  the  department.  I  have  accord- 
ingly estimated  for  $117,600,  which,  if  appropriated,  will  enable  me  to 
have  the  merits  of  these  different  systems  fully  determined. 

Machine  gum, — The  only  tests  under  this  head  during  the  current 
year  have  been  those  incident  to  the  trial  of  a  flank  defense  carriage 
adapted  for  the  service  of  the  flank  defense  Hotchkiss  revolving  cannon. 

The  necessity  of  a  practical  carriage  for  use  with  this  gun  was  apparent 
to  the  department,  and  a  carriage  devised  by  the  constructor  of  ord- 
nance has  been  tested  with  satisfactory  results,  and  recommended  for 
adoption  by  the  Ordnance  Board. 

MILITIA. 

Under  the  Constitution,  "Congress  shall  have  power" — 

To  provide  for  caUing  forth  the  militia  to  execute  the  laws  of  the  Union,  suppress 
insurrections  and  repel  invasions. 

To  provide  for  organizing,  arming,  and  disciplining  the  militia,  and  for  governing  such 
part  of  them  as  may  he  employed  in  the  service  of  the  United  States,  reserving  to  the 
States,  respectively,  the  appointment  of  the  officers,  and  the  authority  of  training  the 
militia  according  to  the  discipline  prescrihed  hy  Congress. 

To  make  all  laws  which  shaU  he  necessary  and  proper  for  carrying  into  execution 
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the  foregoing  powers,  and  all  other  powers  vested  by  this  Constitution  in  the  Govern- 
ment of  the  United  States,  or  in  any  department  or  officer  thereof. 

No  State  shall,  without  the  consent  of  Congress,  •  *  •  keep  troops,  or  ships  of 
war  in  time  of  peace,  *  •  *  or  engage  in  war,  unless  actually  invaded,  or  in  such 
imminent  danger  as  will  not  admit  of  delay. 

For  many  years  tliere  has  beeu  a  growing  feeling  throughout  the 
country  in  favor  of  a  reorganization  of  our  militia  system.  To  perfect 
our  present  organization,  or  to  improve  it  by  alteration,  requires  the 
action  of  Congress.  That  Congress  has  fall  power  to  provide  for  organ- 
izing the  militia  in  time  of  peace,  under  the  above-quoted  provisions  of 
the  Constitution,  there  can  be  no  doubt,  and  Congress  has  exercised 
this  power  in  the  obsolete  and  meager  laws  now  on  our  statute-books ; 
but  there  has  been  no  practical  means  provided  for  enforcing  obedience 
to  these  laws.  Everything  is  left  to  the  discretion  of  the  individual 
States.  A  few  of  the  States  have  small  but  well-regulated  bodies  of 
troops,  while  others  have  none,  or,  if  any,  undisciplined,  ununiformed 
and  indifferently  equipped.  It  seems  to  me  that  the  time  has  come 
when  the  subject  of  raising,  arming,  and  equipping,  disciplining,  and 
keeping  in  readiness  for  service  a  part  of  our  militia,  should  receive  the 
thoughtful  attention  of  Congress. 

That  a  portion  of  the  militia  should  in  a  sense  be  mobilized  requires 
no  argument,  and  this  active  portion  should  be  distributed  equally 
throughout  the  country  according  to  population. 

By  estabUshing  the  principle  by  legal  enactment,  that  Congress  will 
help  only  those  who  help  themselves,  and  providing  that  arms  and 
equipments  will  not  be  issued  to  a  State  except  in  proportion  to  its  prop- 
erly enrolled  and  organized  active  militia,  and  that  a  per  diem  for  camp 
services  shall  be  paid  to  those  individuals  only  who  are  present  in 
camp,  and  only  for  the  days  that  they  are  present  and  actually  employed, 
the  States  and  people  may  be  brought  to  a  realizing  sense  of  the  neces- 
sity  for  prompt  and  i^ermanent  action  in  a  matter  so  vital  to  the  military 
power  of  the  nation.  The  general  government,  under  the  law  of  1808, 
now  supplies  arms  and  equipments  to  the  militia  of  the  States,  and 
there  is  no  reason  why  their  issue  should  not  be  made  dependent  on 
acts  to  be  performed  by  the  States,  such  as  the  organization  and  disci- 
pline of  a  certain  portion  of  the  militia. 

I  have,  therefore,  to  recommend  that  provision  be  made  by  law  for 
organizing,  arming,  and  disciplining  a  militia  force  of  two  hundred 
thousand  men,  distributed  among  the  States  in  the  proportion  of  about 
seven  hundred  men  to  each  Congressional  district  and  Territory,  and 
the  District  of  Columbia. 

To  make  this  practicable  will  require  large  annual  appropriations, 
appropriations  that  must  be  permanent,  at  least  for  a  few  years,  to  give 
a  trial  to  the  scheme. 

In  the  first  pUtoeyihere  should  be  an  annual  appropriation  of  $1,000,000 
for  arms  and  equipments,  which  would  give  about  $3,000  for  the  troops 
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in  each  Congressional  district.  The  necessity  for  this  increase  of  the 
annaal  appropriation  for  arming  and  equipping  the  militia  is  so  well 
undei'stood  and  appreciated,  has  been  so  often  referred  to  at  length  in 
official  reports  from  this  office  and  the  War  Department,  that  no  lengthy 
discussion  is  called  for. 

The  aggregate  strength  of  the  militia  of  the  United  States,  as  taken 
from  the  last  Army  Eegister,  is  as  follows :  • 

Organized 113,873 

Unorganized  .•-. 3,822,114 

and  only  $200,000  is  annually  approi)riated  for  their  arms  and  equip- 
ments. With  our  small  standing  army,  the  country'  must  recruit  its  fight- 
ing force  from  the  people  on  the  instant  upon  the  breaking  out  of  war. 
The  soldiers  who  fought  our  recent  battles  will  soon  pass  from  the  scene, 
or  become  too  old  for  active  service,  and  most  of  the  experience  of  the 
war  will  be  lost  to  the  country,  with  the  actors  in  their  graves.  Half  a 
generation  has  passed  away  since  the  close  of  that  mighty  struggle.  In 
a  very  few  years  dependence  will  have  to  be  placed  on  the  raw  recruit; 
and  while  the  experience  of  the  bivouac  and  battle  cannot  be  acquired 
in  peace  and  in  the  quiet  avocations  of  ordinary  life,  much  can  be  effected 
by  placing  in  the  hands  of  the  young  men  the  arms  they  may  have  to  use 
in  war,  and  encouraging  that  military  spirit  which  alone  can  make  ma- 
terial for  soldiers.  The  distribution  of  arms  to  the  militia  is  a  vital 
element  in  this  regard,  and  the  want  of  a  large  standing  army  must 
be  compensated  by  a  well-organized,  well-armed,  and  well-disciplined 
militia. 

I7i  the  second  placey  there  should  be  an  annual  appropriation  of 
$4,000,000  for  the  expenses  of  an  annual  encampment — ^the  payment  to 
each  militiaman  a  per  diem  for  each  day's  service  while  actually  in 
camp,  &c.  In  tliis  manner  the  benefits  to  be  derived  from  this  appro- 
priation would  be  strictly  confined  to  those  States  and  to  those  individ- 
uals complying  with  the  requirements  of  the  general  government. 

The  laws  upon  our  statute-books  need  a  thorough  revision,  after  a 
calm  and  most  careful  consideration  of  all  the  various  elements  that 
enter  as  factors.  The  super\ision  and  control  to  be  exercised  by  the 
general  government  must  be  ftdly  and  definitely  set  forth,  as  definitely 
and  concisely  for  a  time  of  peace  as  for  a  time  of  war,  and  this  degree 
of  supervision  once  determined  should  be  fixed  by  such  enactments  as 
will  secure  the  most  beneficial  results  to  the  United  States,  the  States, 
and  the  militiamen.  All  are  interested  in  this,  in  different  degi^ees,  per- 
haps, but  none  more  so  than  the  citizen,  who  may,  at  a  moment's  notice, 
be  called  upon  to  assume  the  functions  of  a  soldier.  I  may  be  pardoned 
for  suggesting,  in  a  few  general  remarks,  what  I  consider  primarily  nec- 
essary legislation. 

1st.  A  permanent  annual  appropriation  of  one  million  dollars  for 
arming  and  equipping  the  militia,  organized  as  proposed. 

2d.  A  permanent  annual  appropriation  of  four  million  dollars  for  a 
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per  diem  of  one  dollar  per  man  per  day,  for  every  day  he  is  present  and 
on  duty  at  the  encami)ment.  The  encampment  to  continue  twenty  days 
in  each  year. 

3d.  The  militia  should  be  armed  and  provided  with  the  same  muni- 
tions of  war  as  is  the  Kegular  Army,  so  far  as  the  stores  furnished  by 
the  United  States  are  concerned.  The  necessity  of  this  is  obvious  to  all, 
but  to  none  more  so  than  to"  the  veterans  of  the  late  war  on  both  sides. 
It  should  be  understood  by  the  States  and  the  militiamen  that  the  arms 
and  equipments  furnished  to  them  do  not  cease  to  be  the  property  of 
the  United  States,  and  they  should  be  properly  accounted  for  to  the 
Chief  of  Ordnance  U.  S.  Army  in  a  manner  similar  to  that  in  vogue  in  the 
Regular  Army;  and,  being  the  property  of  the  United  States,  the  gen- 
eral government  should  make  the  necessary-  repairs,  and  should  with- 
draw them  when  worn  out  or  obsolete,  supplying  those  of  later  x)atterns, 
thus  keeping  the  armament  in  a  continual  state  of  efficiency. 

4th.  There  should  be  a  well-devised  system  of  inspection  instituted 
and  administered  by  the  AVar  Department,  without  which  the  efficiency 
of  the  militia  establishment  can  never  be  known  nor  ever  be  improved. 
To  do  this  the  most  competent  men  should  be  selected  as  inspectors, 
clothed  with  high  rank,  certainly  not  less  than  that  of  colonel,  and  in- 
vested with  the  powers  that  now  appertain  to  inspectors  in  the  Regular 
Army.  They  should  be  sufficient  iA  numbers  to  make  an  annual  inspec- 
tion of  the  militia  of  each  State  and  Territory,  reporting,  in  detail,  the 
result  to  the  Secretary'  of  War,  and  a  copy  thereof  to  the  governor  of 
the  State  or  Territory  interested.  Some  of  these  inspectors  should  be 
taken  from  the  Regular  Army,  but  the  mtyority  fix)m  the  competent 
officers  of  the  late  war  who  served  on  either  side,  and  this  corps  of  in- 
spectors might  well  be  clothed  with  power,  under  the  Secretary  of  War, 
to  make  such  general  regulations  as  are  necessary  to  an  uniform  dress, 
drill,  and  discipline  throughout  the  whole  body  of  our  citizen  soldiery. 

5th.  Each  State  should  be  obliged  to  maintain  one  or  more  suitable 
rifle-ranges,  and  i)erhaps  to  oflFer  suitable  prizes  to  incite  a  proper  emula- 
tion in  target  practice,  and  there  should  be  an  officer  of  high  rank  in 
the  militia  of  each  State  or  Territory  who  should  be  in  charge  of  such 
practice. 

6th.  When  the  exigencies  of  the  regular  service  will  permit,  officers  of 
the  Regular  Anny  should  be  allowed  to  accept  commissions  in  the  militia, 
without  detriment  to  their  regular  commissions,  upon  the  application  of 
the  governors,  and  for  such  times  as  may  bo  determined  uix)n. 

7th.  One  of  the  most  valuable  means  of  increasing  the  efficiency  of  the 
militia  is  by  the  dissemination  of  knowledge  through  a  military  educa- 
tion of  the  youth  of  the  country.  To  a  certain  extent  this  has  been  pro- 
vided for  by  United  States  laws ;  but  the  laws,  as  they  stand,  can  be 
improved,  and  a  system  which  is  undoubtedly  good,  so  far  as  it  goes,  be 
made  one  that  in  a  few  years  will  furnish  a  large  number  of  well-edu- 
cated soldiers,  capable  of  entering  ujwn  commands  and  successfully 
administering  them. 
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Section  1225  Revised  Statutes,  as  ahieuded  by  act  of  July  5, 1876, 
authorizes  the  issue  of  arms,  artillery,  &c.,  to  colleges  where  an  officer 
of  the  Regular  Axmy  has  been  detailed,  the  number  not  to  exceed  thirty, 
&c.  This  law  calls  for  material  modifications.  There  should  be  more 
permanency  in  the  detail  and  in  the  institution  that  is  to  receive  these 
benefits.  A  college  that  is  to  be  provided  with  an  officer  and  arms 
should  be  specisillj  designated  by  the  legidatureofihe  State  interested j  and 
service  at  a  college  ought  not  to  be  optional,  but  be  considered  a  mili- 
tary duty  to  which  aU  officers  are  liable.  Governmental  super^^sion 
and  insx>ection  of  these  colleges  as  regards  military-  tniining,  discipline, 
and  study,  should  be  a  condition  attached  to  the  acceptance  of  the  lib- 
eralitj-  of  the  general  government.  The  providing  of  officers  and  arms 
makes  these  colleges,  in  a  sense,  a  i>ortion,  and  a  very  imjjortant  por- 
tion, of  the  military  establishment,  because  of  the  direct  influence  they 
must  exercise  over  the  efficiency  of  the  militia,  supplying,  as  they  will 
from  year  to  year,  a  number  of  competent  instructors  in  all  that  is  neces- 
sary to  make  men  good  soldiers. 

By  liberal  appropriations  and  some  such  provisions  of  law,  strictly 
enjoined  and  enforced,  an  active  militia  of  IMKJ.IKH)  men  could  be  kept  in 
hand  as  a  reserve  force  ready  for  any  emergency,  either  domestic  or  for- 
eign. AVhile  taking  them  from  their  daily  avocations  for  a  very  limited 
period  during  their  annual  encampment,  the  daily  allowance,  though 
small,  would  partially  comx>en8ate  them  for  loss  and  time.  It  would  give 
us  a  large  force,  supplementing  our  small  Regular  Army,  always  at  call, 
and  representing  eveiy  jwrtion  of  the  country  and  every  characteristic 
of  our  varie<l  nationality.  It  would  instil  a  military  spirit  throughout 
the  country  and  keep  aUve  the  traditions  of  the  past. 

National  Reserve. — ^The  proper  organization  for  an  armed  force  in  time 
of  peace  is  its  organization  for  war.  A  sunple  expansion  can  be  readily 
maile  on  the  eve  of  a  conflict,  but  a  novel  organization  at  such  an  ei)Och 
Ls  fraught  with  disaster.  Our  experience  as  a  nation  clearly  shows  that, 
not  on  the  militia  but  on  our  volunteers  has  the  country  dei>ended  in 
years  of  trial.  Would  it  not  be  wise  in  any  legislation  for  the  establish- 
ment of  this  force  to  which  reference  is  made,  to  break  loose  from  the 
theories  of  the  past,  and  empower  the  President  in  time  of  peace  to 
organize  a  National  Eeserre^  under  the  constitutional  power  '*fo  raise  and 
support  armiesj^  on  the  plan  indicated  above?  Should  not  State  rights 
and  prejudices  yield  to  the  necessities  that  our  wars  have  proved  to  be 
imi)erative  ?  It  would  be  only  extending  into  a  national  condition  what 
Ls  successfully  practised  in  some  of  tlie  States,  where  uniformed  volun- 
teer organizations  take  the  place  of  the  ordinary  militia.  While  admit- 
ting tliat  the  subject  is  environed  by  conflicting  views  of  constitutional 
questions,  and  by  the  iK)werfiil  influences  of  sectional  and  individual 
prejudices,  I  am  satisfied  that  the  laws  could  be  so  framed  as  to  guard 
all  iudi\idual  and  State  rights  fi'om  Executive  encix)achments.  The 
force  could  by  law  be  localized  in  ijroportion  to  population,  cami>ed  out 
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for  a  limited  period  annually  in  their  respective  localities,  and  be  paid 
out  of  tlie  public  treasury.  In  the  interest  of  the  public  good  and  the 
public  safety,  the  subject  deserves  the  careful  consideration  of  Congress. 
The  act  approved  March  3, 1875,  provides  that,  under  certain  condi- 
tions, credits  are  to  be  given  to  the  several  States  and  Territories  for  the 
sums  charged  to  them  resi)ectively  for  arms,  &c.,  which  were  issued  to 
them  between  Januarj- 1, 18G1,  and  A])ril  9, 1865,  and  charged  against 
their  quotas  under  the  law  for  arming  and  equipping  the  militia.  It  is 
made  the  duty  of  the  Secretary  of  War  to  refuse  a  credit  "if  he  shall 
find  that  any  of  said  arms  or  ordnance  stores  have  been  sold,"  &c.  At 
the  close  of  the  war  some  of  the  States,  through  inadvertence,  or  a  wrong 
interpretation  of  the  laws  relating  thereto,  sold  portions  of  the  arms,  &c., 
in  their  possession,  realizing  but  a  portion  of  the  values  charged  against 
them  on  the  books  of  this  office.  The  arms  ought  not,  in  my  opinion,  to 
have  been  charged  to  the  States  on  their  quotas,  but  should  have  been 
accounted  for  as  issues  to  the  Army,  and  the  loss  ot  values  should  have 
fallen  on  the  United  States.  In  my  opinion  these  charges  against  indi- 
vidual States  ought  to  be  removed,  and  that  the  spirit  of  the  law  of 
1875  be  extended,  so  as  to  permit  credits  to  be  given  States  for  the 
diflereiice  between  the  prices  charged  and  the  prices  realized  from  sale. 
1  itjspectfully  recommend  a  modification  of  the  act  of  March  3,  1875,  in 
this  regard. 

SMALL- ARMS. 

During  the  last  fiscal  year  there  were  manufactured  at  the  National  Ar- 
mory 20,005  Springfield  rifles,  and  under  the  law  authorizing  it,  1,000  of 
the  experimental  Ilotchkiss  magazine  rifles.  Tlie  former  have  been  pro- 
duced at  a  much  less  cost  than  heretofore,  owing  to  the  increased  num- 
ber maimfactured  and  the  improvement  of  the  plant  emi)loyed,  and  as 
there  is  now  available  a  larger  appropriation  than  usual  for  the  present 
year,  it  is  confidently  expected  that  the  cost  will  yet  be  further  reduced 
in  the  future.  We  had  in  store  on  July  1, 1879,  only  22,073  rifles  and 
5,40G  carbines  at  the  armory  and  arsenals,  a  wretchedly  small  number 
considering  the  wants  of  the  i)resent  and  the  calls  that  may  be  made  in 
the  future. 

The  Ilotchkiss  arms  iire  now  in  the  hands  of  the  llegular  Army  for 
trial  in  actual  service,  and  upon  the  reports  to  be  ma<le  bi-monthly  will 
depend  any  recommendations  for  the  supi>ly  to  be  hereafter  mauufactured. 
But  whether  this  magazine  gun  is  to  be  the  arm  of  the  future  or  not,  it 
is  not  safe  to  delay  pro\iding  an  ample  supply  of  the  Springfield  rifles, 
and  for  that  jjurpose  I  have  asked  for  the  next  fiscal  year  an  appropria- 
tion of  8900,000,  which  amount  should  be  given  in  the  interests  of  econ- 
my  and  for  the  national  defense.    Last  year  in  my  annual  report  I  had 

the  honor  to  remark  upon  this  matter  as  follows,  viz : 

* 

Tlic  necessity  for  an  accumulation  of  arms  of  the  latent  pattern  has  been  so  often 
cliscnssed;  has  received  such  x)ractical  ai>i)licatiou  on  the  part  of  other  countries,  that  a 
further  reference  to  it  in  this  report  would  be  a  work  of  supererogation.    The  moral 
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effect  of  a  large  snpply  of  arms  in  readiness  for  use  is  always  entirely  disregarded  in 
the  discnssion  of  the  subject.  To  bo  prepared  for  immediate  hostilities  is  a  quiet  power, 
which  must  enter  largely  as  an  important  factor  in  the  determination,  of  international 
questions  that  may  or  may  not  lead  to  war,  and,  as  such  power,  it  is  worth  all  the  money 
expended  in  its  production.  The  argument  so  ^equently  used,  that  the  gun  of  to-day 
will  probably  be  superseded  by  a  superior  invention  a  few  years  hence,  and  the  expense 
of  to-day  be  money  thrown  away,  might  be  used  with  equal  force  and  pertinence  re- 
specting any  article  of  manufacture  whatever.  But  the  present  approved  arm  cannot 
be  rendered  worthless  by  the  introduction  of  an  improve<l  weai>on,  because  as  long  as 
small-arms  are  fired  from  the  shoulder  and  the  propelling  force  is  gunpowder,  the  cali- 
ber of  gun  and  dimensions  of  cartridge,  now  regulation,  will  not  be  changed,  and  the 
improvement  will  only  consist  in  more  rapid  manipulation  and  increased  rajiidity  of  fire. 
As  a  case  exactly  in  point,  the  Board  on  Magazine  Guns  has  recommended  a  gun  for  trial 
in  the  hands  of  troops  that  is  an  improvement  on  the  present  Springfield  arm  only  in 
its  ability  to  empty  its  magazine  of  cartridgeH  in  one-half  the  time  that  the  same  num- 
ber of  shots  could  be  fired  by  the  latter.  Used  as  an  ordinary  breech  loader,  it«  ad- 
vantages, if  any,  are  not  material  or  wortli  consideration,  and  yet  its  use  as  a  single 
breech-loader  will  be  its  normal  con<lition,  the  increased  raj^idity  of  the  magazine- 
feeding  being  reserved  for  great  emergencies.  Such  a  gun,  if  apjiroved  and  adopted, 
in  a  few  years,  will  not  render  the  Springfields  that  may  be  on  hand  worthless.  I 
therefore  hope  that  Congress  may  be  liberal  in  its  appropriation. 

And,  in  1877, 1  said: 

Believing  that  such  a  country  as  this,  with  its  great  natural  i-esources,  abundant  wealth 
an  exposed  frontier  of  many  thousands  of  miles,  with  a  shore-line  of  as  many  thou- 
sand more,  should,  as  a  measure  of  ordinary  safety,  have  always  in  store  not  less  than 
half  a  million  of  the  best  and  most  efficient  arms,  the  manufacture  of  one-tenth  that 
number  during  the  next  year  seems  so  necessary  as  to  call  for  no  argument.  It  may 
be  true  that  our  policj'  is  peace.  If  so  now,  it  has  been  so  for  a  century,  and  yet  during 
that  short  period  in  the  existence  of  the  nation  we  have  had  not  only  countless  wars 
with  the  Indian  tribes,  but  wars  with  the  nations  contiguous  to  our  boun<lary  north  and 
south,  and  the  great  war  of  the  rebellion.  Is  it  to  be  expected  that  a  continuance  of 
such  a  peace  policy  will,  in  the  present  century  of  the  country's  life,  be  more  successful 
in  keeping  us  free  from  a  fair  proportion  of  con  diets  in  which  peace  can  only  be  main- 
tained at  the  sacrifice  of  men  and  means  ?  The  experience  of  the  most  enlightened 
nations  in  the  past,  the  gigantic  struggle  now  being  waged  on  the  continent,  that  may 
ere  its  close  involve  other  powers  and  subject  all  Europe  to  the  horrors  of  war,  prove 
how  far  we  are  yet  from  a  realization  of  a  peace  that  will  last  longer  than  time  enough 
to  prepare  for  a  new  conflict.  If  old-established  communities,  with  the  cumulative 
wisdom  and  experience  of  centuries  to  guide  them,  seem  to  exist-  only  under  the  pro- 
tection of  armies,  is  it  to  be  expected — with  a  record  of  our  wars  during  the  past  cen- 
tury before  us — that  the  United  States,  almost  the  youngest  in  the  family  of  nations, 
can  enjoy  a  future  different  from  theirs?  'To  be  prepared  for  war  is  one  of  the  most 
effective  means  of  preserving  peace.  Such  preparations,  to  be  etfieient  and  complete, 
must,  however,  be  made  at  leisure,  with  all  the  skill,  experience,  and  means  of  which  wo 
are  capable.  In  making  them,  time  is  an  element  not  to  be  ignored  or  despised.  The 
progress  in  invention  and  of  the  mechanic  arts  must  be  consulted  and  kei>t  in  view  in 
the  work  of  preparation,  because  the  approved  articles  of  the  past  may  have  Ijecorao 
the  mere  stepiung-stone  to  the  perfected  improvement  of  the  present.  What  fifteen 
years  ago  was  deemed  a  perfect  musket  is  now  classed  as  obsolete  with  hardly  a  mark- 
etable value,  and  that  marvel  of  mechanism  of  to-day,  the  breech-loading  rifle,  must 
soon  make  room  for  a  still  greater  mar\'el  in  simplicity  and  cftl'ctiveness.  In  our  i)re- 
parations,  we  must  keep  abreast  of  the  progress  of  the  age.  Got  the  best  of  to-day, 
with  the  certainty  that  it  must  yield  to  the  best  of  to-morrow.  And  it  is  this  un- 
ceasing, ever-changing,  still  improving  march  that  enforces  constant  and  unremit- 
ting study,  and  labor,  and  change,  and  improvfuient  on  the  part  of  govemnionts  the 
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world  over,  that  they  may  be  thoroughly  jireparcd  in  the  day  of  trial,  not  with  the 
obsolete  appliances  of  a  past  a^e^  but  with  the  ])erfected  niechauisni  of  the  present. 
Tills  constant  change  of  model  and  pattern  involves  all  countries  in  great  expense  in 
fact,  in  never-ending  drafts  on  their  exchequers.  But  unless  a  grand  council  of  the 
nations  should  decide  and  fix  on  the  kind,  character,  and  quality  of  the  weapons  that 
are  to  be  used  in  war,  there  is  but  one  unerring,  unfailing  guide  to  the  character  of 
an  armament,  and  that  is  that  it  shall  be  equal,  and  if  possible  superior,  to  that  of 
all  oilers.  This  entails  the  constant  expenditure  of  large  sums ;  but  such  expendi- 
tures are  more  than  repaid  by  the  first  victory  that  prevents  the  capture  of  a  capital 
or  the  desolation  of  a  district.  At  any  rate,  there  is  no  way  known  to  the  world  to 
avoid  such  a  course  of  procedure,  an<l  the  necessities  of  modern  warfare  demand  a 
thoroughness  and  completeness  in  the  preparations  that  no  country  can  neglect. 

It  is  in  this  view  that  a  largo  appropriation  for  the  manufacture  of  anus  at  the  Na- 
tional Armory  is  deemed  imperative.  The  rifle  issued  to  the  Army  and  the  militia  com- 
pares favorably  with  the  best  breech-loader  either  here  or  abroiul.  It  is  an  arm  that 
may  not  be  siiperseded  for  many  years  to  come,  and  if  it  be  obliged  to  yield  to  one  of 
superior  merit,  the  effect  will  not  be  to  render  it  obsolet-e,  but  to  make  it  secondary  to 
one  using  the  same  cartridge  but  having  greater  rapidity  oi*  lire,  so  that  the  i>re8ent 
single  breech-loader  will  always  be  a  x>owerfiil  weapon,  even  when  eonipared  with 
the  possible  magazine-gun  of  the  future.  We  cannot  be  wrong  in  laying  up  a  reason- 
able 8upi>ly  of  these,  therefore,  especially  as  the  magazine-gun  that  may  some  day  be 
adopted  for  Army  service  may  require  years  of  invention  and  improvements  to  reach 
that  degree  of  simplicity  in  its  mechanical  arrangements  necessary  to  render  it  suita- 
ble for  the  soldier. 

I  can  only  reiterate  these  views,  and  express  the  hope  tliat  the  wis- 
dom of  Congress  will  grant  what  we  so  urgently  require. 

TARGET  PRACTICE. 

I  have-made  an  estimate  for  the  smallest  amount  of  money  which,  in 
my  judgment,  will  be  needed  to  provide  amumnition  for  the  use  of  the 
senice,  viz,  8200,000.  To  make  our  soldiers  good  marksmen,  an  ample 
supply  of  ammunition  must  be  provided,  and  this  cannot  be  done  unless 
sufficient  money  is  annually  appropriated. 

The  amount  asked  for  will  provide  between  7,000,000  and  8,000,000 
cartridges,  and  if  all  shoiUd  be  expended  in  target  practice  it  would  not 
give  each  soldier  over  400  cartridges  for  the  year,  certainly  a  very  small 
number  when  the  importance  of  the  subject  is  considered.  But,  as  a 
matter  of  fact,  a  large  part  of  this  quantity  is  expended  for  other  pur- 
poses, in  battle,  scouting,  escort  duty,  drills,  and  occasions  of  ceremony, 
so  that  the  soldier  can  hardly  expect  to  fire  over  25  rounds  per  month. 
The  great  interest  which  ha«  sprung  lip  within  the  last  four  years  in  the 
Army  in  regard  to  target  practice  has  not  been  fostered  to  the  extent  it 
should  have  been,  owing  to  the  laek  of  funds  to  procure  a  sufficient  sup- 
ply of  ammunition,  and  perhaps  a  well  digested  system  of  target  prac- 
tice and  the  necessary  appliances. 

By  the  distribution  to  the  service  of  a  text-book  on  rifle  firing,  pre- 
pared by  your  order  under  my  direction  by  Colonel  Laidley,  of  this 
department,  a  system  has  been  adopted  which,  though  undoubtedly 
susce])tib]e  of  improvement  in  future  will,  with  the  necessary  appropri- 
ations for  cartridges,  enable  the  soldier  to  perfect  himself  as  a  marks- 
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man,  and  to  develop  to  their  fullest  extent  the  many  excellent  qualities 
of  the  Springfield  rifle. 

TEST  OP  METALS. 

The  department  has  now  in  its  possession,  set  up  at  the  Watertown 
Arsenal,  the  finest  machine  in  the  world  for  testing  the  strength  of  metals 
and  other  materials,  and  I  have  asked  for  a  small  annual  ai)propriation 
to  enable  it  to  be  used.  This  machine  was  authorized  by  Congress  and 
constructed  under  the  immediate  sui)ervision  of  the  late  United  States 
board  to  test  iron,  steel,  &c.  Valuable  results  have  already  be^n  ob- 
tained from  its  limited  use,  under  circumstances  very  unfavorable,  and 
it  is  suggested  that  a  wise  i)olicy  and  a  just  appreciation  of  the  advan- 
tages to  inure  to  the  various  industries  of  the  country  will  prompt  the 
Congi'ess  to  grant  the  small  amount  of  money  necessary  to  develop  its 
capacities. 

Tlie  work  already  accomplislied  has  enlisted  the  active  sympathy  or 
scientific  men  of  all  classes,  and  metal  manufacturers  and  users,  who 
have  not  limited  their  expressions  of  approval,  but  have  supplemented 
them  with  funds  to  finish  Avork  which  was  commenced  but  could  not  be 
finished  owing  to  the  failure  of  Congress  to  appropriate  the  wished-for 
money.  , 

From  what  is  known  of  the  wants  of  officers  liaving  charge  of  govern- 
ment constructions,  the  lack  of  definite  information  on  the  part  of  civil 
engineers,  architects,  and  mechanical  engineers  throughout  the  country, 
and  their  utter  inability  to  obtain  correct  data  on  which  to  base  tlieir 
calculations,  for  the  need  of  which  large  sums  have  aninially  to  be  ex- 
pended in  order  that  the  errors  made  may  be  on  the  side  of  safety,  there 
is  no  purpose  for  which  an  appropriation  could  be  granted  which  would 
yield  so  large  and  immediate  a  return  in  the  way  of  money  absolutely 
saved  as  a  grant  for  working  this  machine  and  publishing  the  results 
obtained,  and  in  the  corre/Ctness  of  this  opinion  I  am  confident  that  I 
will  be  supported  by  the  whole  body  of  scientific  men  and  manufacturers 
vof  metals  of  superior  quality  throughout  the  land. 

EQUIPMENT  BOARD. 

Upon  my  request  a  board  of  officers  from  the  line  of  the  Army  was 
constituted  by  the  Secretary  of  War  to  consider  the  subject  of  bayonets 
and  intrenching  tools.  This  board  was  in  session  nearly  four  months, 
and  the  result  of  its  labors  has  been  published  to  the  Army.  As  rap- 
idly as  possible  those  of  its  recommendations  which  have  been  appmved 
by  the  Secretary,  and  which  relate  to  the  stores  pix)vided  by  the  Ord- 
nance Department,  will  be  carried  out. 

INDIAN  RIFLES. 

As  much  has  been  said  in  official  reports  and  in  the  public  prints  re- 
specting the  quality  of  arms  used  by  our  Indian  tribes,  and  their  great 
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superiority  to  the  arms  m  the  hands  of  our  troops,  in  accuracy  and  range, 
I  inclose  a  report  made  at  the  National  Armory,  on  a  number  of  Indian 
guns  sent  to  me  from  the  field.  I  am  willing  to  rest  the  reputation  of  the 
Springfield  rifie  and  carbine  on  the  fjicts  developed  in  the  trial,  and  re- 
corded in  this  report.  Not  even  such  an  admirable  weapon  as  the  Spring- 
field rifle  can  be  expectt^d  to  give  satisfaction  to  ever^'  officer  and  soldier, 
but  it  is  my  firm  belief  that  it  comes  very  near  it. 

SPRINGFIELD  AND  PEABODY-MARTINI  RIFLES. 

In  this  connection  I  desire  to  invite  attention  to  the  inclosed  report  on 
certain  comparisons  instituted  lietween  the  Sppingfield  and  I'eabody- 
Martini  rifles.  These  trials  were  made  to  show  whether  the  latter  was 
so  far  superior  to  the  former  as  was  intimated  by  letter-writers  during 
and  after  the  siege  of  Plevna  in  the  Kusso-Turkish  war. 

That  tlie  ultimate  range  of  the  Peabody  should  be  greater  was  con- 
ceded on  the  simple  fact  that  the  charge  of  powder  used  was  15^  grains 
greater,  and  the  bullet  7.">.  grains  heaWer,  than  the  charge  of  powder  and 
bullet  of  the  Springfield.  The  trial,  however,  showed  for  the  Springfield 
"superior  accuracy,"  ^'  accompanied  with  more  power  than  is  recpiired  to 
disable  a  man  at  ranges  at  which  it  is  practically  impossible  for  a  marks- 
man to  hit  so  small  an  object."  "At  ranges  of  1,000  yards  and  upward, 
the  trajectory  of  the  Peabody  is  slightly  flatter,  but  at  shorter  ranges — 
those  at  which  a  rifle  will  ordinarily  be  tired  in  service — the  trajectory 
of  the  Springfield  is  the  flatter,  owing  to  its  higher  velocity."  At  1,669 
yards — the  longest  range  in  the  proving  ground — the  Springfield  hit  the 
target — 8'  x  1-' — 3  times  out  of  10,  while  the  Peabody  was  fired  60  rounds 
to  hit  the  target  the  same  number  of  times.  The  Army  should  be  satis- 
fied with  such  a  record.  I  have  directed  experiments  to  be  made  with 
the  Springfield  rifle  up  to  2,500  yards,  and  anticipate  excellent  results. 

MULTIBALL   CARTRIDGES. 

I  append  a  series  of  rejiorts  on  the  midtiball  cartridge  for  revolver. 
For  use  in  the  rifle  and  carbine,  it  has  not  been  received  with  fiivor,  the 
reiK)rts  fix)m  the  field  being  almost  unanimously  against  it. 

Its  efficiency  as  a  revolver  cartridge  will  depend  on  its  results  at  veiy 
short  ranges — certainly  within  25  yards — and  on  the  extent  of  its  scat- 
tering. I  quote  from  a  rei>ort  of  Captain  Greer,  Ordnance  l)ei)artment, 
a  most  capable  and  experienced  oflicer  and  experimenter,  made  June  7, 
last : 

With  r<»jjard  to  (lisperHiou  of  fire,  which  is*  the  true  rnifion  d'etre  of  these  cartridges, 
an  insiiection  of  tlie  tables  shows  that  at  short  ranjjes  there  is  none  at  all,  ''he  bullet 
holes  of  each  shot  nearly  coinciding.  At  longer  ranges — 75  to  100  yards — there  is  a 
consideitible  dispersion  of  balls;  but  they  have  too  little  power  to  donnich  execution. 

The  department  will  continue  its  endeavors  to  adapt  this  cartridge  to 
the  revolver,  and  it  may  be  that  some  simple  change  in  its  aiTangement 
and  form  may  fulfill  the  conditions  necessaiy  to  make  it  a  success. 
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CLERICAL  FORCE. 

In  compliance  with  your  instructions,  I  have  omitted  in  my  annual 
estimate  to  ask  for  additional  clerks,  but  I  may  be  pardoned  in  repre- 
sentiug  the  inadequacy  of  the  force  now  by  law  allowed  in  this  office. 
For  the  fiscal  year  ending  June  30, 1870,  there  were  allowed,  besides  the 
chief  clerk,  three  clerks  of  class  four,  three  of  chiss  three,  three  of  class 
two,  eight  of  class  one,  arte  messenger,  one  laborer,  and  eight  enlisted 
men,  a  total  of  twenty-eight,  and  in  grades  and  number  these  were  not 
more  than  sufficient  to  meet  the  wants  of  the  office.  Since  then  the  cur- 
rent work  of  this  office  has  materially  increased  and  is  increasing  anna- 
ally,  while  the  cleriea>  force  has  been  decreased.  As  a  consequence, 
much  important  work  is  now,  and  has  been  for  several  years,  running 
behind  hand,  much  to  the  inconvenience  and  detriment  of  the  public 
service,  and  not  unfrequently  to  the  hardsliip  of  indi\idual8.  I  hope 
that,  at  the  proper  time,  you  wiU  see  fit  to  ask  Congress  to  rt^store  the 
clerical  orgaidzation  to  its  former  grading. 

The  following  statement  will  give  some  idea  of  the  magnitude  of  the 
work  of  this  office  during  the  past  year : 

Number  of  cash  and  i)roperty  returns  of  aU  kinds  examined 7, 192 

Number  remaining  unexaminecl  on  account  of  insufficient  clerical  force 4»  450 

Letters  and  other  papers  receive4l,  briefed,  and  entered  upon  the  records  of  the 

office 15,494 

Letters,  orders,  and  indorsements  written  and  sent  out 24, 094 

Number  of  blanks,  i)ublic  documents,  &c.,  prepared  and  distributed 35, 022 

I  have  the  honor  to  submit  the  following  pai)ers,  heretofore  referred  to : 

Appendix  A, — Statement  of  principal  articles,  procured  by  purchase 
and  fabrication  at  the  arsenals  during  the  year  ended  June  30, 1879. 

Appendix  B. — Statement  of  ordnance,  ordnance-stores,  &c.,  issued  to 
the  military  establishment,  exclusive  of  the  militia,  during  the  year  ended 
June  30,  1879. 

Appendix  C, — Apportionment  for  the  fiscal  year  ended  June  30,  1879, 
of  the  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  1661  and  1667  Eevised  Statutes. 

Appendix  D. — Statement  of  ordnance,  ordnance-stores,  &c.,  distributed 
to  the  militia  from  July  1,  1878,  to  June  30, 1879,  under  section  1667 
Revised  Statutes. 

Appendix  E. — Statement  of  ordnance,  ordnance-stores,  &c.,  distributed 
to  colleges  from  July  1,  1878,  to  June  30,  1879,  under  section  1225  Ee- 
vised Statutes. 

Appe^idix  F. — Statement  of  ordnance-stores,  &c.,  distributed  to  the 
Territories  and  States  bordering  thereon,  from  July  1,  1878,  to  June  30, 
1879,  under  the  joint  resolutions  of  July  3, 1876;  March  3,  1877;  March 
9  and  June  7,  1878. 

Ajrpendix  G. — Statement  of  ordnance  and  ordnance-stores,  «&c.,  issued 
to  the  executive  departments  under  the  pro\isions  of  the  act  of  March 
3, 1879. 
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REPORTS  OP  THE  CONSTRUCTOR  OF  ORDNANCE. 

Lieut  Col,  S.  Crispin^  Ordnance  Department. 

m 

Appendix  H. — Construction  of  the  11-incb  M.  L.  rifle,  converted  from 
a  15-incli  S.  B.Koilman  gun. 

H^. — Construction  of  a  3-inch  B.  L.  rifle. 

JT*. — ^Construction  of  a  3.16-inch  M.  L.  rifle,  chambered. 

H^. — Construction  of  a  3.16-inch  M.  L.  rifle,  rapid  twist. 

H*. — Gas  checks  for  B.  L.  rifles. 

S^. — Alteration  in  12-inch  rifle-carriage. 

H\ — Proposed  chambered  rifle,  4.50-inch  caliber. 

H''. — Report  on  exi)erimental  cannon-powders,  Capt.  C.  S.  Smith,  Ord- 
nance Department. 

REPORTS  OF  THE  ORDNANCE  BOARD. 

lAent.  Col.  S.  Criap'oh  and  Lieut.  Col.  T.  0.  Baylor^  Ordnance  Department; 

Capt.  F.  H.  Phippsj  recorder. 

Appendix  I. — Gunpowders. 

J^ — Progress  rei)ort  on  powders  for  4.50-inch  rifle. 

J*. — Progress  report  on  iH)wders  for  8-inch  rifle. 

P. — Progi*ess  report  on  3.50-inch  Deane  bronze  gun. 

J*. — Hotchkiss  revolving  cannon,  caliber  1.5-inch. 

P. — Flank  defense  carriage  for  Hotchkiss  revolving  cannon. 

JP. — ^lielative  destructive  effects  o    Aiflferent  Hotchkiss  projectiles. 

r. — Report  on  Hotchkiss  revolving  cannon  (light  field  model),  cal. 
1.50-inch. 

P. — Progress  report  on  3-inch  B.  L.  rifle. 

P. — Progress  report  on  3.17-inch  M.  L.  rifle,  chambered. 

D^. — Progress  report  on  8-inch  B.  L.  rifle. 

J". — Progress  report  on  11-inch  M.  L.  rifle,  converted  from  a  15-in'ch 
S.  B.  Rodman  gun. 

P^. — ^Reports  on  a  Gatling  gun,  caliber  .45-inch,  English  model,  hav- 
ing a  new  pointing  apparatus. 

P^.—  Report  on  multiball  cartridges  for  Gatling  gun. 

MISCELLANEOUS. 

Appendix  K. — Annual  report  of  the  jmncipal  operations  at  the  Rock 
Island  Arsenal,  1879,  Maj.  D.  W.  Flagler,  Ordnance  Department,  com- 
manding. 

Appendix  L. — Progress  report  upon  the  artesian^well  at  the  Beuicia 
Arsenal,  1879,  Lieut.  Col.  J.  McAllister,  Ordnance  Department,  com- 
manding. 

Appendix  M. — Measurement  of  powder  pressures^in  cannon  by  com- 
pression of  oil.  Dr.  W.  E.  Woodbridge. 
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Appendix  N. — Trajectories  of  army  revolvers,  Capt.  J.  E.  Greer,  Ord- 
nance Department. 

Appendix  0, — Trajectories  of  the  Springfield  and  Peabody-Martini 
rifles,  Capt,  J.  E.  Greer,  Ordnance  Department. 

Appendix  P. — Experiments  with  small  arms — space  between  bullet  and 
powder,  Capt.  J.  E.  Greer,  Ordnance  Department. 

Appendix  Q. — Action  of  sea-water  on  brass  cartridges,  Capt.  J.  E. 
Greer,  Ordnance  Department. 

Appendix  R. — Report  on  the  mamifactnre  of  certain  life-sa\ing  guns, 
Lieut.  C.  W.  Wliipi)le,  Ordnance  Department. 

Appendix  S. — Description  of  the  Lyle-Eraery  grapple-shot,  Lieut.  D- 
A.  Lyle,  Ordnance  Department. 

Appendix  T. — Description  of  the  Laidley  cavalry  forge.  Col.  T.  T.  S. 
Laidley,  Ordnance  Department. 

Appendix  U. — Swollen  barrels  in  service  rifles,  Capt.  J.  E.  Greer,  Ord- 
nance Department. 

Appendix  Y. — Reports  on  Indian  arms.  Capt.  J.  E.  Greer  and  Lieuts. 
D.  A.  Lyle  and  R.  Birnie,  jr.,  Ordnance  Department,  and  Master  Ma- 
chinist S.  W.  Porter,  National  Armory. 

Appendix  W. — Reports  on  multiball  cartridges  for  small  arms.  Maj.  J. 
M.  Whittemore,  Capts.  E.  M.  Wright  and  J.  E.  Greer,  and  Lieuts.  R.  Bir- 
nie, jr.,  and  C.  C.  Morrison,  Ordnance  Department. 

Appendix  X. — ^Report  on  range-finders,  Capt.  F.  H.  Phipps,  Ordnance 
Department. 

Appendix  Y, — Showing  stations  and  duties  of  the  officers  of  the  Ord- 
nance Department  on  the  1st  of  October,  1879. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  Y.  BEN6t, 
Brigadier- General  J  Chief  of  Ordnance. 


APPENDIX  A. 

Statement  of  principal  articles  procured  by  fabrication  at  the  arsenals  a/nd 

by  purcMse  during  the  year  ended  June  30,  1879. 

Class  I. 

1  Gatling  gun,  caliber  1  inch,  10  barrels,  long. 
14  Gatling  guns,  caliber  .45,  10  barrels, .long. 
10  Hotchkiss  mountain  guns,  caliber  1.65  inch, 

4  Hotchkiss  revolving  guns,  caliber  1.5  inch. 
10  Lowell  battery  guns,  caliber  .45. 
24  coiled  wrought-iron  tubes  for  8-inch  converted  rifles. 

Class  II. 

1  carriage  and  limber  for  Gatling  gun,  caliber  1  inch. 
33  carriages  and  limbers  for  Gatling  guns,  caliber  .45. 

3  carriages  and  limbers  for  Hotchkiss  revolving  guns,  caliber 

1.5  inch. 
10  carriages  for  Hotchkiss  mountain  guns,  caliber  1.65  inches. 

53  carriages  and  chassis  for  8-inch  converted  guns,  fitted  with 

recoil  checks. 
200  gun  cai'riages  for  life-saving  service. 
1  carriage  and  limber  for  caliber  .45  Lowell  battery  gun. 

4  carts  for  caUber  .45  Gatling  guns. 
10  cavalry  forges,  Laidley's, 

Class  HI. 

« 

125  buckets,  various. 

30  feed  cases  for  caliber  1-inch  Gatling  gun, 
1, 000  feed  cases  for  caliber  .45  Gatling  guns. 
600  feed  tubes  for  Lowell  battery  gun. 

32  gun  covers,  various. 

42  handspikes,  various.  • 

200  gunner's  levels  for  life-saving  service. 
386  manceuvering  bars,  various. 

38  sets  artillery  harness. 
200  lanyards  for  life-saving  service. 
400  powder  measures. 
400  priming  wires. 
427  quoins,  various. 

7  pack-saddles  for  Hotchkiss  mountain  carriages. 
212  sponge  covers,  various. 
281  sponges  and  rammers,  various. 

54  tompions,  various. 
75  vent-pieces. 

Classes  IV  and  Y. 

60  3-inch  Butler  shot. 

50  12-i)ounder  shot,  strapped  and  fixed. 
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819  S-iucli  Butler  shot. 
20  8-inch  Eureka  shot. 
20  8-mch  Daua  shot. 
60  lOinch  Butler  shot. 
10  ll-inch  Butler  shot. 
25  12.25-iuch  Butler  shot. 

820  3.inch  shells. 

9  3-inch  Eureka  shells. 
10  8-inch  Butler  shells. 
10  11-iuch  Butler  shells. 
44  4.5-inch  case  shot,  experimental. 
4  4.5-inch  canister,  experimental. 
1, 000  ball  cartridges  for  1-inch  Gatling  gun. 
1, 000  canisters  for  1-fuch  Gatling  gun. 
2, 000  1.5-inch  Hotchkiss  shells. 
6, 500  1.65-inch  Hotchkiss  shells. 

Class  VI. 

500  Hotchkiss  magazine  carbines,  caliber  .45. 
500  Hotchkiss  magazine  rifles,  caliber  .45. 
1  Hotchkiss  magazine  Xuvy  rifle,  caliber  .45. 
,20, 006  Springfield  rifles,  caliber  .45. 

101  Springfield  officers'  rifles,  caliber  .45. 
3, 000  Colt's  revolvers,  caliber  .45. 
280  Smith  &  Wesson  revolvers,  caliber  .43. 
200  staff  and  foot  oflicers'  swords. 

Class  vn. 

5. 020  curry  combs. 

2. 021  saddle  blankets. 
11, 397  meat  cans. 

13, 650  tin  cups. 

7, 124  sets  knives,  forks,  and  spoons. 
47, 246  appendages  for  small  arms. 

Class  VIII. 

63, 129  cartridge  bags,  filled. 
1, 556, 130  carbine  ball  cartridges,  caliber  .45, 
1, 502, 179  rifle  ball  cartridges,  caliber  .50. 
1,247, 287  rifle  ball  cartridges,  caliber  .45. 
310  rifle  blank  cartridges,  caliber  .45. 
50, 000  rifle  blank  caitridges,  caliber  .58. 
1, 074, 070  revolver  ball  cartridges,  caliber  .45, 

219, 600  revolver  blank  cartridges,  caliber  .45. 
1, 697,  750  lead  balls,  caliber  .45. 
91, 000  pounds  hexagonal  i)Owder. 
2, 400  pounds  cannon  i)owder. 
2, 000  pounds  mortar  i)o\vder. 
52, 512  ])ounds  rifle  powder. 
3, 300  electric  cannon  lirimers. 
47, 300  fiiction  immers. 
1, 270, 250  cartridge  i)rimers. 
183  fuses,  experimental. 
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Class  IX. 

16  blocks,  various. 
14  chocks,  various. 

1  hand  cart. 

2  rollers,  long. 
25  shifting  planks. 

1  sling  wagon,  Laidley's. 

5  platforms  for  mortars. 

5  platforms  for  siege  carriages. 

Class  X. 

1, 425  sabots,  various. 
600  tin  straps,  various. 
105, 212  spare  parts  for  small  arms. 
132, 394  i)art«  of  infantry  equipments. 

3, 440  parts  of  cavalry  accouterments. 
101, 646  parts  of  horse  equipments. 

535  parts  of  artillery  carriages,  various. 
63, 768  cartridge  bags,  empty,  various. 
30, 500  cartridge  shells,  caliber  .45. 

Miscellaneous. 

945  arm  chests. 
2, 845  boxes,  packing,  wood. 

344  boxes,  packing,  tin. 
4, 447  bolts  and  nuts,  various. 
S8y  993  pounds  barrel  molds. 
962  tin  cans. 

1  400-ton  testing  machine. 

1  metal  testing  machine. 

1  cartridge  breaking  machine. 

1  cailridge  loading  machine. 

2  cartridge  stamping  machines. 
1  cartridge  weighing  machine. 
4  primer  drilling  machines. 

3  primer  sawing  machines. 

1  cartridge  gauging  machine. 
1  horizontal  boring  machine. 
1  power  planer. 

1  pressure  dynamometer. 

2  lathes. 

1  star  gauge,  ring  and  points. 

3  ring  gauges. 

238  boxes  leather  blacking. 
7, 002  pounds  harness  oil. 
41  gallons  lacquer. 

150  cast-iron  heating  stoves  for  Quartermaster's  Department. 
10  tool-chests,  various. 
2, 342  pounds  black  wax. 
20, 404  pounds  white  lead. 

[6, 064  pounds  paint.  , 

2, 795  sides  leather. 
42, 003  pounds  leather. 
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19y  982  pounds  rope,  twine,  and  thread. 
814y  928  pounds  iron  beams. 
80, 965  pounds  sheet  copper. 
3, 493  tons  coal. 

201  sets  reloading  tools. 
10, 888  tools  and  utensils. 
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Statement  of  ordnance^  ordnance  stores^  <&c.,  ittstied  to  the  military  establish' 
ment  [except  tlie  militia)  during  the  fiscal  year  elided  June  30,  1879. 

Class  I. 

5  Gatling  guns,  caliber  .45, 10  barrels,  long. 

3  Gatling  guns,  caliber  .45,  10  barrels,  short. 

4  Gatling  guns,  caliber  .45,  5  barrels,  short. 
1  Gatling  gun,  caliber  .50. 

1  Gatling  gun,  caliber  1  inch. 

2  Ilotchkiss  revolving  guns,  caliber  1.5  inches. 

3  Ilotchkiss  revolving  guns,  caliber  1.65  inches. 

6  3.inch  rifled  guns. 
9  4J-inch  rifled  guns. 

1  6-pounder  bronze  gun. 

5  12-pounder  bronze  guns. 

5  12-pounder  mountain  howitzers. 
20  8-inch  rifled  guns. 

2  8-inch  siege  howitzers. 

2  24-pounder  Coehorn  mortars. 

6  8-inch  siege  mortars. 
6  10-inch  siege  mortars. 

1 13-inch  sea-coast  mortar. 

Class  II. 

3  beds  and  frames  for  short-barrel  Gatling  gun. 
2  frames  for  short-barrel  Gatling  gun. 

2  tripods  for  short-barrel  Gatling  gun. 

4  Gatling  gun  carts. 

2  Gatling  battery  carts. 

5  carriages  and  limbers  for  long-barrel  Gatling  gun,  caliber  .45. 
1  carriage  and  limber  for  Gatling  gun,  caliber  .50. 

1  carriage  and  limber  for  Gatling  gun,  caliber  1  inch, 

2  1.5-inch  Hotchkiss  gun  carriages  and  limbers,  steel. 

3  1.65-inch  Hotehkiss  carriages  for  mountain  gun. 
12  3inch  carriages  and  limbers. 

12  3-inch  caissons  and  limbers. 

11  4^-inch  siege  carriages  and  limbers. 

1  6-pounder  carriage  and  limber. 

4  12-pounder  carriages  and  limbers. 

6  12-pounder  caissons  and  limbers. 

2  12-pounder  field-howitzer  carriages  and  limbers. 
\        3  12-pottnder  mountain-howitzer  carriages. 

6  12-pounder  prairie  carriages  and  limbers. 
1 12-pounder  prairie  carriage  limber. 
2  30-pounder  Parrott  carriages  and  limbers. 
20  8-inch  rifle  carriages. 
2  8-inch  siege  howitzer  carriages  and  limbers. 
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3  24-pounder  mortar  beds. 
6  8-incli  siege  mortar  beds. 

3  10-inch  siege  mortar  beds. 

1 13-incli  sea-coast  mortar  bed. 
2  mortar  wagons  and  limbers. 

10  cavaby  forges,  Laidley's. 

1  portable  forge. 

2  traveling  forges. 

4  ammunition  chests  for  Gatling  tripod. 

3  ammunition  chests  for  mountain  howitzer. 

Class  III. 

2  accessories,  feed  cases,  loading  machines,  &c.,  for  l^inoh 

Hotchkiss  gun. 

11  baskets  for  mortar  implements. 
1  iron  forge  bucket. 

33  iron  sponge  buckets. 

4  wooden  si)onge  buckets. 
24  iron  tar  buckets. 

20  gutta-percha  water  buckets. 

19  papier-mach6  water  buckets. 
16  leather  water  buckets. 

3  drag-ropes. 

4  elevatijig  bars. 

20  friction  clamp  bars,  8-inch  carriage,  long. 
20  friction  clamp  biirs,  8-inch  carriage,  short. 

6  fuse  blocks. 
14  fuse  cutters. 

1  fiise  extractor. 

18  fuse  mallets. 

2  fuse  plug  reamers. 

5  fuse  plug  wrenches. 
1  ftise  rasp. 

14  fuse  saws. 

12  fuse  setters. 

8  fuse  wrenches. 

3  gunner's  calipers. 

46  gunner's  gimlets,  field. 
14  gunner's  gimlets,  siege. 

1  gunner's  gimlet,  15-inch  gun. 
52  gunner's  haversacks. 

4  gunner's  levels. 

1  gunnei^'s  perpendicular. 
12  gunner's  pincers. 
12  gunner's  pouches. 

4  gunner's  quadrants,  brass. 

9  gunner's  quadrant>s,  wood. 

11  i)airs  gunner's  sleeves. 
145  handspikes. 

24  sets  cavalry  forge  harness  for  two  horses. 

12  sets  artillery  barness  for  two  lead  horses. 

19  sets  artillery  harness  for  two  wheel  horses. 
66  harness-bags. 

1  ladle  and  staff  for  4.J-inch  gun. 

2  common  lanterns. 
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12  dark  lanterns. 
19  globe  lanterns. 

100  lanyards  for  friction  primers. 

2  loading  tongs. 

40  manoeuvering  bars. 
1  maul. 
7  pack  saddles. 

7  pass  boxes. 

8  paulins  5  by  5  feet. 
17  paulins  6  by  10  feet. 
84  paulins  12  by  15  feet. 

11  pendulum  hausses,  3-incli  gun. 
4  pendulum  hausses,  12-pounder  gun. 
4  pendulum  hausse  pouches. 

3  pendulum  hausse  seats. 
8  pinch  bars. 

13  plummets  and  cords. 

1  pointing  cord. 

6  pointing  stakes. 
6  powder  funnels. 
8  powder  measures. 
58  priming  wires,  field  gun. 

25  priming  wires,  siege  gun. 

2  priming  wires,  15-inch  gun. 

26  prolonges. 

4  props  for  4^-inch  gun. 

4  props  for  howitzer. 
6  quoins. 

10  rammers  and  staves,  4^-inch  gun. 
2  rammers  and  staves,  15-inch  gun. 

40  rear  eccentric  axle  bars,  8-inch  carriages. 

11  scrapers  for  iportars. 

5  breech  sights  for  4^-inch  siege  gun. 

2  breech  sights  for  8-inch  siege  howitzer. 

4  front  sights  for  12-pounder  gun. 

5  front  sights  for  3-inch  rifled  gun. 

3  front  sights  for  4^  inch  siege  gun. 

2  front  sights  for  8-inch  siege  howitzer. 
2  trunnion  sights. 
11  pairs  shell  hooks. 

5  spatulas. 

31  sponge  covers,  3-inch  gun. 

6  sponge  covers,  4 J- inch  gun. 

2  sponge  covers,  G-pounder  gun. 
13  sponge  covers,  12-pounder  gun. 

2  sponge  covers,  12-pounder  field  howitzer. 
15  si)ouge  covers,  12-pounder  mountain  howitzer. 

1  sponge  cover,  10-inch  gun. 

2  sponges  and  rammers,  6-pounder  gun. 
15  sponges  and  rammers,  12-poinader  gun. 

2  sponges  and  rammers,  12-pounder  field  howitzer. 

27  sponges  and  rammers,  12-pounder  mountain  howitzer 
27  sponges  and  rammers,  3-inch  gun. 

4  sponges  and  rammers,  8-inch  siege  howitzer. 
10  sponges  and  staves,  4J-in<3h  gun. 

2  sponges  and  staves,  15-inch  gun. 
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1  sponge  and  staff,  13-inch  sea-coast  mortar. 
6  securing  stakes. 

12  stakes  ft>r  mortar  wagon. 
135  tliurabstalls. 

2  tompions,  6-pounder  gun. 
12  tompions,  3-inch  gun. 

5  tompions,  4^-inch  gun. 

4  tompions,  12-pounder  gun. 
2  tompions,  24-i>ounder  gun. 
2  tompions,  8-incli  siege  howitzer. 
2  tompions,  2()0-pounder  gun. 

2  tompions,  10-inch  mortare. 
12  tow  liooks. 

49  tube  pouches. 
60  vent  covers,  field  gun. 
9  vent  covers,  siege  gun. 
49  vent  pieces,  fieUl  gun. 
25  vent  punches,  field  gun. 

3  vent  punches,  siege  gun. 
1  vent  i>unch,  15-mch  gun. 

1  wii)er  for  mortar. 

6  wonns  and  staves,  field  gun. 

2  worms  and  staves,  siege  gun. 

468  feed  cases  for  Gatling  gun,  caliber  .45. 

7  clamps  for  worm  gear,  for  Gatling  gun,  caliber  .45. 
9  gun  covers,  for  Gatling  gun,  caliber  .45.  • 

9  drifts,  for  Gatling  gun,  caliber  .45. 

12  shell  drivel's. 

8  extractors  for  headless  cartridge  shells,  for  Gatling  gun,  cal- 

iber .45. 

1  extractor  hook,  for  Gatling  gun,  caliber  .45. 

2  handles  for  wiping  rod,  for  Gatling  gun,  caliber  .45. 

2  trail  handspikes,  for  Gatling  gun,  caliber  .45. 

4  oscillators,  for  Gatling  gun,  caliber  .45. 

13  wiping  rods,  for  Gatling  gun,  caliber  .45. 

12  lock  screw  drivers,  for  Gatling  gun,  caliber  .45. 

11  small  screw  drivers,  for  Gatling  gun,  caliber  .46. 

12  T  screw  drivers,  for  Gatling  gun,  caliber  .45. 

7  adjusting  screw  wrenches,  for  Gatling  gun,  caliber  .45. 

7  pin  wrenches,  for  Gatling  gun,  caliber  .45. 
11  rear  guide  nut  wrenches,  for  Gatling  gun,  caliber  .46. 
36  feed  ctises  for  Gatling  gun,  caliber  .50. 

5  gun  covers,  for  Gatling  gun,  caliber  .50. 
36  feed  cases,  tor  Gatling  gun,  caliber  1  inch. 

1  gun  cover,  for  Gatling  gun,  caliber  1  inch. 

1  front  sight  cover,  for  (i  at  ling  gun,  caliber  1  inch. 

1  butt  gear  extractor,  for  Gatling  gun,  caliber  1  inch. 

3  extractor  hooks,  for  Gatling  gun,  caliber  1  inch. 
1  lock,  for  Gatling  gun,  caliber  1  inch. 

3  butt  gear  pins,  for  Gatling  gun,  caliber  1  inch. 

3  extra<?ting  pins,  for  Gatling  gun,  caliber  1  inch. 

3  firing  pins,  for  Gatling  gun,  caliber  1  inch. 

1  extracting  rod,  for  Gatling  gun,  caliber  1  inch. 

1  wiping  rod,  for  Gatling  gun,  caliber  1  inch. 

3  lock  springs,  for  Gatling  gun,  caliber  1  inch. 

1  screw  driver  and  fork  wrench,  for  Gatling  gun,  caliber  1  inch. 

1  eye-i)in  wrench,  for  Gatling  gun,  caliber  1  inch. 
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Classes  IY  and  V. 

1, 000  1.5-incli  Hotchkiss  shell. 
1, 143  1.6i5-inch  Hotchkiss  shell. 

75  3-inch  shot. 
1, 064  3-iiich  shell. 

402  3-inch  case. 

348  3-inch  canister. 

128  12-pounder  shot. 

624  12-poiinder  shell. 
86  12-i>oiinder  case. 

472  12-pounder  canister. 
91  4J-inch  shot. 

228  4i.inch  shell. 

100  24-pounder  shell. 

350  30-pounder  shot. 

206  30-pounder  shell. 

200  100-pounder  shell. 

25  200-pounder  (hoDow)  shot. 

60  8-inch  shot. 
100  8-inch  shell. 
159  10-inch  sheU. 

Class  VI. 

Muzzle'loading. 

10  Springfield  rifle  muskets,  caliber  .58. 
1, 262  smooth-bore  instols,  caliber  54. 

Breech-loading. 

201  Hotchkiss  magazine  carbines,  caliber  .45. 

20  Sharps  carbines,  caliber  .50. 

2, 177  Springfteld  carbines,  caliber  .45. 

202  Hotchkiss  magazine  rifles,  caliber  .45. 
12  Springfield  rifles,  caliber  .50. 

6, 410  Springfield  rifles  caliber  .45. 

5  Springfield  rifles,  caliber  .45,  officer's  model. 
873  Colt  revolvers,  caliber  .45. 

6  Remington  i^istols,  caliber  .50. 
12  Remington  revolvers,  caliber  .44. 

169  Sehofield's  Smith  &  Wesson  revolvers,  caliber  .45. 
6  Smith  &  Wesson  revolvers,  caliber  .44. 
22  artillery  sabers. 
482  cavalry  sabers. 

21  musicians'  swords. 

37  non-commissioned  officers'  swords. 
6  staff  and  foot  officers'  swords. 
25  riflemen's  knives. 
841  trowel  bayonets. 

Class  VII 

41  artillery  saber  belts. 
25  artillery  saber  belt  plates. 
1  bnice  yoke  with  carbine  sling. 
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335  carbine  cartridge  boxes. 
766  carbine  cartridge  pouches. 
1, 873  carbine  slings. 
3, 253  carbine  sling  swivels. 
40  pistol  cartridge  boxes. 
921  pistol  cartridge  pouches. 
2, 997  pistol  holsters. 
2, 264  saber  belts. 
2y  245  saber  belt  plates. 
253  saber  knots. 
86  brace  yokes'and  stay^straps. 
2, 885  steel  bayonet  scabbards. 

791  trowel  bayonet  scabbards. 
1, 001  blanket  bags. 
11, 413  canteens  and  straps. 
1, 969  carrying  braces. 

200  cartridge  belts,  caliber  .50. 
7, 509  cartridge  belts,  caliber  .45. 
4, 296  cartridge  boxes,  caliber  .45. 
138  cartridge  boxes,  No.  1. 
279  cartridge  boxes,  No.  2. 
77  cartridge  loops. 
6, 251  clothing  bags. 
4, 482  coat  and  blanket  straps. 

80  sliding  frogs. 
9, 744  forks. 
5, 815  gun  slings, 
llj  638  haversacks  and  straps. 
9, 751  knives. 
9, 619  meat  cans. 

447  scabbards  for  intrenching  tools. 
43  sheaths  for  knives. 
276  shoulder  braces. 
9, 179  spoons. 

12  non-commissioned  officers'  sword  beics  and  plates. 
151  stay  straps. 
866  steady  straps. 
252  hoop  straps. 
10, 817  tin  cups. 
364  valises. 
165  valise  straps. 

113  non-commissioned  officers'  waist  belts  and  plates. 
3, 647  privates'  waist  belts. 
3, 566  privates'  waist  belt  plates. 
5, 000  brass  muzzle  covers. 
7, 003  headless  shell  extractors. 
1, 357  tumbler  punches. 
944  jointed  ramrods,  steel. 
198  wiping  rods. 
3  ball  screws. 
8, 475  screw  drivers. 

3  clamp  screw  drivers. 
290  combination  screw  dri\'^ers  and  hoof  hooks. 
341  spring  vises. 
848  brush  wipers  and  thongs. 
12  wipers. 
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-4,  Oil  curb  bridles. 
2, 365  watering  bridles. 

482  hair  cinchas. 

369  crupi)ers. 
5, 888  curry  combs. 
1, 845  girths. 
4, 551  halters  aud  straps. 
7, 593  horse  brushes. 

435  horse  covers,  cotton  duck. 
5, 821  lariats. 
1, 250  links. 
6, 943  nosebags. 
2, 356  picket  pins. 
2, 001  saddles. 
4, 293  saddle  bags. 

486  saddle  blankets,  artillery. 
5j  171  saddle  blankets,  cavalry. 

141  saddle  cloths. 

156  forage  sacks. 
3, 644  side  lines. 

877  carbine  sockets. 
4, 488  spurs. 
4, 698  spur  straps. 
3, 432  stirrups. 

27  stirrups  with  guidon  sockets. 
3, 652  stirrup  straps. 
2, 438  surcingles. 

Class  VIII. 

shall-abm  ammunition. 

Paper  cartridges. 

10, 000  rifle  ball  cartridges,  caliber  .58. 

Metallic  cartridges. 

'300  Oatling  ball  cartridges,  caliber  1  inch. 
29, 845  rifle  ball  cartridges,  caliber  .50. 
6, 000  rifle  blank  cartridges,  caliber  .50. 
300  pistol  ball  cartridges,  caliber  .50. 
1, 167, 470  carbine  ball  cartridges,  caliber  .45. 
2^05, 865  rifle  ball  cartridges,  caliber  .45. 
243, 700  rifle  blank  cartridges,  caliber  .45. 
457, 516  revolver  ball  cartridges,  caliber  .45. 
46, 000  revolver  blank  cartridges,  caliber  .45. 
9, 000  niultiball  cartridges,  caliber  .45. 
6, 500  revolver  ball  cartridges,  caliber  .44. 
1,  736, 210  small-arm  cartridge  primers. 

Am  muniton  for  field  guns. 

10, 989  blank  cartridges,  12-pounder  mountain  howitzer. 
16,  721  blank  cartridges,  12-pounder  gun. 
6, 396  blank  cartridges,  6-pouuder  gun. 

3  ORD 
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15, 511  blank  cartridges,  3-inch  gun. 

300  blank  cartridges,  l-poond  charge. 
3, 920  blank  cartridges,  ^-pound  charge. 
1, 000  electric  primers. 
84, 463  friction  primers. 
1, 016  fuses. 

6, 000  pounds  cannon  powder. 
10, 000  pounds  hexagonal  powder. 
4, 100  pounds  mammoth  powder. 
100  pounds  mealed  powder. 
21, 284f  pounds  mortar  powder. 
17, 551  pounds  musket  and  rifle  powder. 

12  portfires. 

70  quick  matches. 

Glass  IX. 

1  stadia  bag. 
30  fencing  bayonets. 
6  blocks. 

1  half  block. 

2  sets  puUey  blocks. 

4  quarter  blocks. 

2  hand  carts. 

3  sling  carts. 
2  sling  chains. 
6  gun  chocks. 
6  roller  chocks. 

16  wheel  chocks. 

2  garrison  gins. 

5  hydraulic  jacks. 

3  lifting  jacks. 

30  fencing  muskets. 
1  shifting  plank. 

1  platform,  4^  inch  gun. 

5  platforms,  siege  mortar. 

2  long  rollers. 
2  short  rollers. 

2  trace  ropes. 

1  sheave  for  siege  gin. 

13  brass  stadia. 

1  silver  stadium. 

4  plane  tables. 
450  intrenching  tools. 

3  store  trucks. 

CLASS  X— II. 

1  axle. 

1  splinter  bar. 

2  bolsters.    * 

1  limber  fork. 

3  gibbs. 

2  lever  catch  hooks. 

6  keys  and  chains. 
6  keys  and  pins. 

6  pintles  and  chains. 
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12  linch  pins  and  washers. 
6  stay  pins. 

2  trunnion  plates. 
18  poles. 

9  pole  props. 

3  middle  rails. 
8  side  rails. 

2  pointing  rings. 

6  elevating  screws. 
10  sockets  for  eccentric  chassis. 

3  thills. 

36  linch  washers. 
16  shoulder  washers. 
28  wheels. 

1  pole  yoke. 

6  keys  and  chains,  Gatling  carriage,  caliber  .50. 

5  pintle  keys  and  chains,  Gatling  carriage,  caliber  .50. 
12  keys  and  pins,  Gatling  carriage,  caliber  .50. 

6  linch  pins,  Gatling  carriage,  caliber  .50. 
6  stay  pins,  Gatling  carriage,  caliber  .50. 
6  washers,  Gatling  carriage,  caliber  .50. 

14  bucket  rings  or  carriers,  Gatling  carts,  oaliber  .45. 
6  extension  chains. 

6  plate  hooks. 
6  tug  hooks. 

8  shaft  props. 

2  outside  shafts. 

4  hasp  and  plate  staples. 
6  plate  staples. 

6  saddle  shaft  tug  straps. 
6  single  trees. 
16  saddle  shaft  tugs. 

1  washer  fot  end  of  main  sh^. 

Class  X— in. 

12  belly  bands. 

2  artillery  bit«. 
53  artillery  bridles. 

1  breeching  for  mountain  howitzer  harness. 
10  bridles  for  mountain  howitzer  harness. 
312  brass  plated  buckles. 
1, 071  iron  roller  buckles. 
25  collars. 
12  cruppers. 

9  girths. 

1  lashing  girth. 
12  leg  guards. 
134  halters. 
9  rammer  heads,  3-inch. 
4  rammer  heads,  12-pound6r. 
1  rammer  head,  mauntain  howitzer. 

15  sponge  heads,  3-inch. 

4  sponge  heads,  12-pounder. 
1  sponge  head,  mountain  howitzer. 
36  cold  shut  links. 
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4  loops  for  breast  straps. 
17  i)ole  pads. 

2  lashing  ropes. 

69  rosettes  for  artillery  bridles. 
158  woolen  sponges,  3-inch. 
34  woolen  sponges,  4J-inch. 
24  woolen  sponges,  6-pounder. 
81  woolen  sponges  12-pounder. 
26  woolen  sponges,  mountain  howitzer. 

1  rammer  staff,  3-inch. 

4  staves,  12-pounder. 

5  breast  straps. 
116  halter  straps. 

8  hame  straps. 
12  loin  straps. 
81  pole  straps. 

4  tompion  straps. 
12  trussing  straps. 

1  pair  traces  for  Gatling  cart  harness. 
16  traces  for  patent  splinter  bar. 
67  lead  traces. 
20  wheel  traces. 
12  valises. 
164  whips; 

Class  X— IV  and  V. 

200  10-inch  sabots. 
200  10-inch  tin  straps. 

Class  X— VI. 

Part^  Springfield  rifieSj  caliber  .60,  model  1866. 

20  ejector  springs. 

10  ejector  spring  caps. 

20  ejector  spring  cap  screws. 

10  hinge  screw  nuts. 

10  thumb  pieces. 

20  thumb  piece  screws. 

Parts  Springfield  rifie^  caliber  .50,  modelllS6S. 

50  stocks,  complete. 

Parts  Springfield  ^^ Cadet  ^  rifie^  caliber  .45. 

6  butt  plates. 

5  ramrods. 

40  stocks,  wood  part. 

Parts  Springfield  rifisy  caliber  .45. 

915  lower  bands. 
1, 298  upper  bands. 
326  band  springs.  . 
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20  band  swivels. 

15  band  swivel  pins. 

40  band  swivel  screws. 

14  barrels. 

2  barrels  and  receivers. 
710  bayonets. 
359  bayonet  clasps. 
408  bayonet  clasp  screws. 
310  bayonet  clasp  stop  screws. 

52  breech  blocks. 
124  breech  block  caps. 
2, 569  breech  block  cap  screws. 

80  breech  screws. 
553  bridles. 

911  bridle  screws. 
43  butt  plates. 

231  butt  plate  screws. 

110  cam  latches. 
2y  034  cam  latch  springs. 
3, 588  ejector  springs. 
1, 817  ejector  spring  spindles. 

130  ejector  studs. 

556  extraetors. 
2, 712  firing  pins. 
2, 595  firing  pin  screws. 

251  firing  pin  springs. 

139  front  sights. 

104  guard  bows. 

348  guard  bow  nuts. 

550  guard  bow  swivels. 
1, 200  guard  bow  swivel  screws. 
61  guard  plates. 

415  guard  screws. 

279  hammers. 

295  hinge  pins. 
50  hinge  pin  studs. 
6  locks. 

81  lock  plates. 
1, 372  main  springs. 

1, 206  main  spring  swivels. 

281  main  spring  swivel  rivets. 

550  ramrods. 

130  ramrod  stops. 

393  rear  sights  (buckhom). 

112  rear  sights,  Bull's. 
1, 097  rear  sights. 

269  rear  sight  bases. 
1, 072  rear  sight  base  screws. 

359  rear  sight  base  springs. 

385  rear  sight  leaves. 

691  rear  sight  joint  pins. 

479  rear  sight  slides. 

484  rear  sight  slide  springs. 

669  rear  sight  slide  spring  rivets. 
1, 861  sears. 

836  sear  screws. 
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ly  335  sear  springs. 

673  sear  spring  screws. 

947  side  screws. 

548  side  screw  washers. 

210  stocks,  complete. 

792  stocks,  wood  part 

423  tang  screws. 

108  thumb  pieces. 
55  tips  for  stock. 
96  tip  screws. 

128  triggers. 

191  trigger  screws. 
2, 068  tumblers. 
1, 888  tumbler  screws. 

10  pistol  gripes  for  officers' rifles,  caliber  .45. 

Parts  Springfield  carbine,  caliber,  .45. 

135  bands. 
160  stacking  bands. 
2  band  springs. 
2  barrels. 
2  bridles. 
7  bridle  screws. 
159  breech  block  cap  screws. 
16  breech  screws. 
70  butt  plates. 

30  butt  plate  covers  and  Motion  springs. 
176  butt  plate  screws. 
30  butt  plate  springs. 
30  butt  plate  spring  screws. 
2  cam  latches. 
185  cam  lat<;h  springs. 
485  ejector  springs. 
215  ejector  spring  spindles. 

6  ejector  studs. 
114  extractors. 

212  firing  pins. 

213  firing  pin  screws. 
125  firing  2)in  springs. 
846  front  sights. 

575  front  sight  pins. 
200  front  sight  rivets. 

25  front  sight  studs. 

36  guard  bows. 
1  guard  plate. 

34  guard  screws. 

4  hammers. 
42  hinge  pins. 

140  main  springs. 
240  ramrods. 
14  sears. 

7  sear  screws. 
152  sear  springs. 

5  sear  spring  screws. 
73  side  screws. 
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745  rear  sights,  complete. 
1, 123  rear  sight  bases. 
150  rear  sight  base  screws. 
44  rear  sight  base  springs. 
161  rear  sight  leaves. 
42  rear  sight  joint  pins. 
331  rear  sight  slides. 
309  rear  sight  slide  springs. 
345  rear  sight  slide  spring  rivets. 
1, 335  stocks,  complete. 

360  stocks,  wood  part. 
1,  111  swivel  bars. 
1, 256  swivel  bar  rings. 
10  stacking  swivels. 
40  tang  screws. 
3  thumb  pieces. 
36  tumblers. 
197  tumbler  screws, 
.5  triggers. 
10  trigger  screws. 

Parts  Sharps  carbine,  caliber  .50. 

30  bands. 

30  band  springs. 

10  barrel  studs. 

10  bridles. 

20  bridle  screws. 

5  butt  plates. 
30  butt  plate  screws. 
25  butt  stocks. 
10  extractors. 
20  firing  bolts. 
30  firing  bolt  screws. 

3  guard  plates. 
30  guard  plate  screws,  front. 

5  guard  plate  screws,  rear. 

5  hammers. 

5  levers. 
10  lever  catches. 
20  lever  catch  screws. 
30  lever  catch  springs. 
30  lever  catch  spring  pins. 
30  lever  catch  spring  screws. 

5  lever  keys. 
30  lever  key  stop  springs. 
40  lever  key  stop  spring  screws. 
30  lever  springs. 
40  lever  spring  screws. 

5  lock  plates. 
10  main  springs. 
30  main  spring  screws. 
10  nose  caps. 
20  nose  cap  screws. 

5  patch  box  lids. 
15  primer  covers. 


« 
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30  primer  cover  pins. 

15  primer  shut-off  screws. 

22  primer  slides. 

20  primer  spring  screws. 

10  rear  sight  bases. 

40  rear  sight  elevator  screws. 

10  rear  sight  leaves. 

30  rear  sight  joint  pins. 

20  rear  sight  slides. 

20  rear  sight  springs. 

40  rear  sight  spring  screws. 

15  sears. 

30  sear  screws. 

20  side  screws,  front. 

20  side  screws,  rear. 

15  slide  screws. 

30  swivel  bars. 

60  swivel  bar  rings.  • 

60  swivel  bar  screws. 

30  swivel  bases. 

60  swivel  screws. 

25  tip  stocks. 

10  toggles. 

20  toggle  screws. 

10  triggers. 

20  trigger  screws. 
10  tumblers. 

15  tumbler  stirrups. 

30  tumbler  stirrup  screws. 

ParU  of  HotoKkiss  magaaine  armSj  caliber  .45. 

100  cartridge  stop  pins. 

100  cut  qffs. 

100  extractors. 

100  firing  pin  screws. 

40  magazine  springs. 

40  main  springs. 
100  trigger  pins. 
100  trigger  spring  screws. 

Parts  of  Colts  revoherSj  caliber  .45. 

21  back  straps. 

198  back  strap  screws. 

145  bolts. 

135  bolt  screws. 

351  center  pins. 

226  center  pin  bushings. 

405  center  pin  catch  screws. 

84  center  i)in  screws. 

25  cylinders. 
255  ejector  beads. 
144  ejector  rods. 

3  ejector  rod  heads. 
277  ejector  springs. 
153  ejector  tubes. 
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201  ejector  tube  screws. 

91  firing  pins. 
106  firing  pin  rivets. 

10  frames. 

50  front  sights. 

78  gates. 
213  gate  catches. 
243  gate  catch  screws. 

10  gate  latch  springs. 
228  gate  springs. 

36  gaards. 

238  guard  screws,  long. 
248  guard  screws,  short. 

76  hammers. 
128  hammer  cams. 
128  hammer  rolls. 
128  hammer  roll  rivets. 
151  hammer  screws. 
128  hands. 
173  hand  springs. 
116  main  springs. 
163  main  spring  screws. 

50  recoil  plates.  v 

38  sear  springs. 
213  sear  and  stop  bolt  screws. 
150  sear  and  stop  bolt  springs. 
119  stocks. 

25  stop  bolt  screws. 
36  triggers. 

148  trigger  screws. 

• 

Parts  of  SchofieUPs  Smith  a/nd  Wesson  revolver^  caliber  .46. 

15  barrel  catch  spring. 

3  cylinder  catcii  cams. 

5  cylinder  catch  cam  screws. 
18  cylinder  catch  screws. 
18  extractors. 
18  extractor  springs. 
18  extractor  stems. 
18  hand  springs. 
28  main  springs. 
18  pawl  springs. 

5  stop  bolts. 
13  stop  springs. 
18  strain  screws. 

26  triggers. 

25  trigger  springs. 
2  musician's  sword  scabbards. 
1  tip  for  musician's  sword  scabbard. 

6  officer's  nickel-plated  sword  scabbards. 
6  trowel  bayonet  plugs. 

Class  X— VIL 

472  saber  belt  attachment. 
400  linen  bags  for  saddle  bags. 
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12  curb  bits. 
1, 292  halter  bolts. 
891  assorted  buckles. 
14, 268  brass  bar  buckles. 

60  brass-plated  buckles. 
1, 543  brass  wire  buckles. 
3, 036  iron  bar  buckles. 
3, 832  iron  roller  buckles. 
2, 417  canteen  corks  and  chains. 
409  halter  chains. 
.  105  curb  chains  and  safes. 
2, 091  canteen  covers. 
1, 500  brass  D's  for  cartridge  belts. 
2, 386  side  line  fasteners. 

60  brass  tips  or  ferrules  for  trowel  bayonet  scabbard. 
90  bridle  headstalls. 
620  halter  headstalls. 
140  brass  saber  snap  hooks. 
700  stirrup  hoods. 
40  guDsling  hooks. 
512  sweat  leathers. 
140  curb  strap  loops. 
36  iron  stifrup  loops. 
2, 916  ovals. 
100  mouth  pieces  for  curb  bits. 
171^  gross  escutcheon  screw  pins. 
200  escutcheon  plates. 
10  curb  bridle  reins. 
20  watering  bridle  reins. 
4, 836  brass  rings. 
1,  764  D  rings. 
3, 141  halter  rings. 
1, 361  iron  rings. 

95  leather  seats  for  canvas  saddle  bags. 
532  shields. 

200  slides  for  saber  belt  attachment. 
36  snaps  for  links. 
367  snaps  for  side  lines. 
385*%  gross  spring  snaps. 
1, 375  halter  squares. 
2, 796  brass  foot  staples. 
5,  796  brass  staples  for  rings. 
1, 000  coat  strap  stops. 
1, 002  blanket  bag  straps. 
6, 815  canteen  straps. 

45  cartridge  belt  straps  with  brass  tips. 
120  cincha  straps. 
3, 995  clothing  bag  straps. 

3. 025  coat  straps. 

4  crupper  and  back  straps. 
90  curb  straps. 

4. 026  halter  straps. 

335  halter  hitehiug  straps. 
3, 345  haversack  straps. 
3  hook  straps. 
51  gii'th  straps. 
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532  saddle  bag  stads. 
1  cavalry  s^dletree. 
2, 644  yards  linen  webbing,  4  inches  wide. 

168  yards  linen  webbing,  4J  inches  wide. 
1, 687  yards  linen  webbing,  7|  inches  wide. 

600  yards  woolen  webbing,  4  inches  wide. 

Class  X— VIII. 

738, 000  bullets,  caliber  .45. 

4, 300  cartridge  bags  for  6-pounder  gun. 

7, 450  cartridge  bags  for  12-pounder  gun. 

1, 299  cartridge  bags  for  12-pounder  mountain  howitzer. 

1, 000  cartridge  bags  for  24-pounder  howitzer. 

2, 500  cartridge  bags  for  30-pounder  gun. 

500  cartridge  bags  for  lOO-pounder  gun. 
50  cartridge  bags  for  200-pounder  gun. 

500  cartridge  bags,  assorted. 
2, 200  cartridge  bags,  A-pound  charge. 
2, 000  cartridge  bags,  1  J-pounds  charge. 
1, 000  cartridge  bags,  2-pound8  charge. 
6, 550  cartridge  bags  for  3-inch  gun. 
1, 115  cartridge  bags  for  4J-inch  gun. 
80  cartridge  bags  for  8-inch  gun. 

745  cartridge  bags  for  10-inch  gun. 

PART   SECOND. 

50  yards  burlaps. 
30  feet  cartling  cloth. 
2, 103  pioco«  card  clothing. 
55  yards  cotton  cloth. 
79J  pounds  sash  cord. 
99  pounds  waste  cotton. 
1  pound  hemp,  packing. 
60  pounds  marline. 
1, 595  pounds  assorted  rope. 

18  pounds  assorted  thread. 
90J  pounds  patent  linen  thread. 

334A^  pounds  saddler's  thread. 
599|  pounds  shoe  thread. 

10  pounds  tow. 
320J  pounds  twine. 
IJ  pounds  woolen  yam. 
6  spring  bolts. 

19  pounds  burrs. 
90  butts. 

3G9  toe  calks. 

60  pressure  discs. 

36  hinges. 

859  pounds  bar  iron. 
644  pounds  cast  iron. 
100  pounds  hoop  iron. 
141  pounds  plate  iron. 
38J  pounds  copper  nails. 
1;  055  pounds  horseshoe  nails. 
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750  pounds  iron  nails. 
7, 872  saddle  nails. 

18  pounds  trunk  naUs. 
208^  pounds  brass  rivets  and  barrs. 
8424^  pounds  copper  rivets  and  burrs. 
164  pounds  iron  rivets  and  burrs. 
232  gross  brass  screws. 
45  gross  iron  screws. 
1  pound  iron  screws. 
10, 558  horseshoes 
47^  pounds  solder. 
1  pound  spelter. 
161  pounds  bar  steel. 
76|  pounds  copper  tacks. 
664  papers  iron  tacks. 
325^  pounds  iron  tacks. 
50  sheets  tin. 
74  pounds  copper  wire. 
33  pounds  iron  wire. 
16  sheets  zinc. 
60^  feet  alum  tanned  leather. 

6  sides  alum  tanned  leather. 
65  feet  belting  leather. 

1, 227  J  sides  bridle  leather. 
50  feet  buflf  leather. 

7  sides  collar  leather. 

27y  704^  pounds  harness  leather. 
150  leather  pieces. 
300  leather  straps. 
11^  pounds  calfskins. 

47  chamois  skins. 
3y  424  feet  boards. 

845  feet  plank. 
418  feet  scantling. 
2, 331  feet  timber. 

4  boxes  elastic  bands. 
12  assorted  books. 
274  instruction  books. 

1  box  crayons. 
1, 600  envelopes. 

6  ink  erasers. 

4  boxes  paper  fsisteners. 

2  pieces  India  rubber. 

8  bottles  black  ink. 

4  bottles  red  ink. 

5  bottles  mucilage. 

20  sheets  blotting  paper. 
55  quires  cap  paper. 
480  sheets  drawing  paper. 
10  quires  envelope  paper. 

1  quire  folio  paper. 
140  quires  letter  paper. 

2  reams  note  paper. 

48  quires  wrapping  paper. 
74  lead  pencils. 

1  gross  metallic  pens. 
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6  penholders. 

2  bottles  pounce. 
500  paper  tags. 

11  ponnds  muriatic  acid. 
45  pounds  sulphuric  acid. 
63  gallons  alcohol. 
100  pounds  gum  arable. 
161|^  pounds  beeswax. 
306|  pounds  blackwax. 
487  quarts  leather  blacking. 
10  pounds  borax. 
76  bath  bricks. 
4  ounces  bristles. 

4  pounds  camphor. 
21  pounds  candles. 

5  pounds  chalk. 

200  pounds  pulverized  charcoal. 
30  quires  crocus  cloth. 
1, 209  J  quires  emery  cloth. 
6, 563  pounds  coal. 

3  pounds  copperas. 
24|  gallons  Japan  drier. 
ll|  pounds  emery. 

40  pounds  glue. 
40  cans  axle  grease. 
489^  pounds  wheel  grease. 
278|  gallons  lacker. 
2  ponnds  lacker. 
9  pounds  lampblack. 
500  pounds  red  lead. 
855  pounds  white  lead. 
17  pounds  logwood. 
8  boxes  cleaning  material. 
16  pounds  polishing  material. 
73^  pounds  scouring  material. 
20|  quarts  browning  mixture. 
400  pounds  refined  niter. 
10  pounds  nutgalls.    . 
15  gallons  astral  oil. 

1  gallon  coal  oil. 

56^  quarts  cosmoline  oil. 

6  gallons  harness  oil. 
4, 264  pounds  harness  oil. 

80  gallons  kerosene  oil. 
8  gallons  lard  oil. 
659/|-  gallons  linseed  oil. 
34  gallons  mystic  oil. 

2  gallons  naiad  oil. 
120  gallons  neatsfoot  oil. 

677J  gallons  sperm  oil. 
2  gallons  sweet  oil. 
1, 006  x)ounds  black  paint. 

84  pounds  lead-color  paint, 
ly  810  pounds  metallic  paint. 
2, 590  pounds  olive  paint. 
840  pounds  red  paint. 
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21|J  quires  emery  paper. 
760  pouuds  laboratory  paper. 
48  pounds  log  paper. 
600  jiouuds  packing  paper. 
240  pounds  petroleum  paper. 
160|^  quires  sand  paper. 

12  pounds  wrapping  paper. 
6  pounds  leather  polish. 
224  pounds  chlorate  of  potash. 
104  pounds  putty. 
3  pounds  rosin. 

76  x)ounds  gum  shellac. 
2y  266  pounds  soap. 

1  quart  soldering  solution. 
91|^  pounds  sponge.     ' 

20  pounds  pumice  stone. 
498^  pounds  rotten  stone. 

142  pounds  nitrate  of  strontia. 

300  pounds  flowers  of  sulphur. 

200  shipping  tags. 
128^  gallons  coal  tar. 

6  pounds  gum  tragacanth. 
368  papers  tripoli. 

2  pounds  tripoli. 
666^  gallons  turi)entine. 

77  gallons  varnish. 
10  pounds  vermilion. 
28  pounds  sealing  wax. 
10  gallons  whiskey. 

93^  pounds  whiting. 

TooUj  ito. 

2  earx>enter's  adzes. 

3  anvils. 

20  leather  aprons. 

8  augers  and  handles. 
714  assorted  awls. 

4  peg  awls  and  handles. 
47  saddler's  awls. 

2  seat  awls  and  handles. 
99  stitching  awls. 
2  stub  awls  and  handles. 

7  assorted  axes. 
1  broad  ax. 

24  felling  axes. 

1  hand  ax. 

2  canvas  nail  bags. 

36  bags  for  tacks,  wax,  &c. 

3  tool  bags  for  saddler's  and  smith's  tools. 
1, 743  metallic  powder  barrels. 

642  wooden  powder  barrels. 
2  baskets. 
1  bell  with  hangings,  complete. 

1  table  beU. 

2  bevels. 
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98  assorted  bits. 
61  bits  for  brace. 

4  saw  blades. 

6  hack-saw  blades. 

1  web-saw  blade.  • 

1  anvil  block. 

19  lead  punching  blocks. 
1  copper  boiler. 

7  bottles. 

6  wooden  bowls. 

5  boxes  for  forge  and  battery  wagon  stores. 

1  box  for  Catling  gun. 

3  shoeing  boxes. 

12  assorted  iron  braces. 
248  com  brooms. 
297  assorted  brushes. 

4  counter  brushes. 
3  dusting  brushes. 

10  marking  brushes. 
235  paint  brushes. 

9  sash  brushes. 

20  wire  scratch  brushes. 
3  varnish  brushes. 

6  whitewash  brushes. 

12  water  buckets. 

46  galvanized  iron  water  buckets. 

2  buttresses. 
6  calipers. 

3  oil  cans. 
67  tin  cans. 

1, 612  powder  canisters. 

2  hand  creasing  carriages. 
39  pricking  carriages. 

6  chamois-skin  sword  cases. 

3  channelers. 
537  arm  chests. 

2  forage  chests. 

3  black  walnut  chests. 

11  tool  chests. 

31  assorted  chisels. 

13  firmer  chisels. 

'  1  framing  chisel. 
22  saddlePs  clamps. 

1  steel  clamp. 
10  vise  clamps. 

1«  clock. 
3  collets. 
52  compasses. 
9  finger  cots. 

2  countersinks. 
67  creasers. 

1  desk. 

6  reloading  dies. 

1  resizing  die. 

1  divider. 

2  turning  dogs. 
1  drift. 
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20  assorted  drills. 
17  oil  droppers. 
1  feather  daster. 

1  steam  engine. 

2  nail  extractors.  * 

15  primer  extractors. 
2j  168  assorted  files. 

1  fleam. 
4  floats. 

1  copper  funnel. 
4  ^irnaces. 
4  carpenter's  gauges. 
10  draw  gauges. 
1  mortise  gauge. 
1  saddler's  gauge. 
1  wire  gauge. 

16  gimlets. 

15  carpenter's  gouges. 

1  firmer  gouge. 

2  saddlers  gouges. 

2  grindstones  with  arbors  and  cranks. 
1  portable  grindstone. 

126  assorted  hammers. 
1  claw  hammer. 
1  copper  hammer. 

3  riveting  hammers. 

3  saddlei^s  hammers. 
1  shoeing  hammer. 

1  adze  handle. 
258  awl  handles. 

.    3  patent  awl  handles. 
12  ax  handles. 
85  file  handles. 

2  mattock  handles. 

8  pickax  handles. 

6  tool  handles. 

4  hardies. 

9  hatchets. 

1  bayonet  clasp  holder. 

5  reaping  hooks. 
9  saddler's  horses. 

17  stitching  horses. 
4  clenching  irons. 

18  riveting  u-ons. 

3  rounding  irons. 

7  soldering  irons. 

1  jack  screw. 

255  assorted  knives. 

2  drawing  knives. 

3  gauge  knives. 

4  half  round  knives. 

5  head  knives. 
12  shoe  knives. 

6  shoeing  knives. 
12  splitting  knives. 

1  spirit  lamp  with  cup. 
1  spirit  level. 
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^28  clialk  lines. 
89  padlocks. 
1  leather  creasing  macluue. 

1  sewing  machine. 

3  leather  splitting  machines. 

43  mallets. 

2  mattocks. 

7  tape  measures. 

4,955  assorted  needles. 

6  collar  needles. 

1  paper  harness  needles. 
50  saddler's  needles. 

55  papers  saddler's  needles. 
58  nippers. 

2  sewing  palms. 
1  iron  pan. 

4  pickaxes. 

12  assorted  pincers. 
14  assorted  planes. 

1  foreplane. 
1  jackplane. 
1  moulding  plane. 
1  philister  plane. 
1  plow  plane. 

1  smoothing  plane. 
32  pUers. 

-660  wooden  plugs. 

2  pokers. 

4  glue  pots. 
6  paint  pots. 
1  letter  press. 

1  saddler's  tool-pouch. 

5  pritchels. 

38  a«soi*ted  punches. 
16  bullet  punches. 
^  hand  punches. 

2  reloading  punches. 
16  saddler's  punches. 
49  spring  punches. 

1  iron  rack. 

1  rake. 
SS  rasps 

13  reamers. 

2  chalk-line  reels. 
1  riffler. 

4  wiping  rods. 

44  2-feet  niles. 

1  mea43uring  rule. 

1  iron  safe. 

25  assorted  saws. 

2  comx)ass  saws. 
1  frame  saw. 

5  handsaws. 

1  rip  saw. 

2  tenon  saws. 

1  counter  scales. 
1  letter  scales. 

4  ORD 
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1  platform  scales. 
13  scissors. 

1  barrel  scraper. 

1  box  scraper. 
41  screwdrivers. 

4  screwdrivers  for  brace 

1  screw  plate  with  dies  and  taps. 

2  scribers. 
18  scythes. 

4  scythe  soaths. 
9  assorted  sets. 

17  burr  or  rivet  sets. 

4  saw  sets. 
50  shears. 

1  bench  shears. 
1  tinner's  shears. 
7  sickles. 
7  sieves. 

18  assorted  shovels. 

10  long-handled  shovels^ 
1  smith's  shovel. 
26  slickers. 

6  magazine  slippers. 
1  safety  socket. 

7  sxiades. 

5  spokeshaves. 
17  squares. 

1  seal  stamp. 

4  sets  brass  stencil  cutters,  letters,  and  figures. 

1  set  steel  stencil  cutters,  letters,  and  figures,  i  inch. 

1  set  steel  stencil  cutters,  letters,  and  figures,  ^  inch. 

1  set  loop  sticks. 

3  die  stocks  and  dies. 
1  drill  stock. 

37  oil  stones. 
39  sand  stones. 

6  scythe  stones. 
1  straight  edge. 

7  assorted  taps. 

82  thimbles. 
30  ticklers. 
59  tongs. 

33  claw  tools. 

83  edge  tools. 

180  sets  cartridge  reloading  tools. 
71  sash  tools. 
1  pair  trammels. 
25  tubes  for  spring  puncli. 
'  17  assorted  vises. 
7  hand  vises. 
12  blutting  wheels. 
6  emery  wheels. 
117  pricking  wheels. 
1  wheelbarrow. 
1  monkey  wrench. 
50  screw  wrenches. 
1  wrench  for  vent  piece. 


APPENDIX  C. 

Apportionment  of  ordnance^  ordnance  stores,  <f'C.,  for  the  fiscal  year  endinfl  Jiinv  HO,  1879, 
under  sections  1661  and  1(>67  Bevi8e<l  Statutes  United  btate^j  and  regulations  established 
in  conformity  therewith. 


States  and  Territories. 


Alftbnnift  — 
Arkamum  . . 
California . . 
Connecticut . 
Delaware . . . 

Florida , 

Georgia 

niinoia 

Indiana 

Iowa 

KAOBftfl    

Kentucky.., 
Louisiana . . 
Maine 


Maryland 

Masaachufietts 

Michigan 

Minnesota 

MiMiHsippi 

Mifwoan 

Nebraska 

Nevada 


New  Uampshlre 

New  Jersey 

New  York*! 

North  Carolina  . 
Ohio 


Orejcon , 

Pennsylvania  . 
Rhode  Island . . 
Sonth  Carolina 

Tennessee 

Texas 


Vermont 

Virginia 

West  Virginia 

Wisconsin 

xVriKona  Territory  *  . . . . . 

Colorado  Territory  * 

Dakota  Territcjry  * 

Idaho  Territor>'  * 

New  MexitH)  Territory  • 

Montana  Territory  * 

I'tah  Tenilorv  * 

Wasbinjfton  l*erritory  *  , 

Wvomintf  Tcnitory*' 

District  of  Columbia  *... 


Total. 
FrL'i;;hl8.  &:r 


I   t 

^  V  « 

• 

^«e 

Cr 

••-.-..2 

1 

s  «:  s 

s|*. 

>- 

c 

.^  fi8  C-i 

'A 

?9 

10 

IM.  797  85 

6 

2.  878  71 

ff 

2,  878  71 

6 

2,  878  71 

3  , 

1, 439  3C 

4 

1,919  14 

11  1 

5.  277  64 

21  ■ 

10,  075  49 

15 

7.190  78 

11 

5,  277  64 

5 

2,  398  93 

12 

5,  757  42 

K 

3,  838  28 

7 

3.  358  5U 

8 

3.  838  28 

'     13 

0,  237  21 

11 

5,  277  04 

5 

2,  398  93 

8 

3, 838  28 

i:> 

7, 190  78 

3 

1.439  30 

3 

1, 439  36 

5 

2, 398  93 

9 

4.  318  06 

,    36  . 

16.  792  48 

10 

4,797  85 

t    22 

10,  555  27 

'^   , 

1,  439  36 

29  ; 

13,  913  76 

4 

1,919  14 

7 

3, 358  50 

12  : 

5,  757  42 

8  1 

3,  838  28 

5 

2,  31J8  03 

11 

5,277  64 

1     ^*  1 

2, 398  03 

10 ; 

4,797  85 

li  1 

1, 439  36 

3  ! 

1,439  30 

1,  439  36 

1, 430  36 

1,  439  36 

1.439  36 

1,  439  :36 

1.  439  36 

1,439  36 

1. 439  30 

396 


189,995  00 
11.005  0(> 

200,  UOO  UO 


'Apportionment  aeeordinjj  to  the  fir<it  piir.i^raph  of  the  President's  ie<;iilati<ui  of  April  30.  IKm. 


APPENDIX  D. 

Statement  of  ordnance^  ordnance  stores^  cf'c,  distributed  to  the  militia  from 
July  1,  1878,  to  June  30,  1879,  ujider  sections  16(jl  and  1667  Revised 
Statutes  United  States, 

Class  I. 

6  6-poui)der  bronze  guns. 

4  light  12-pounder  bronze  guns. 

4  3  inch  wrought-iron  rifled  guns. 
1  Gatling  gun,  caliber  1  inch. 

Class  II. 

6  carriages  and  limbers  for  6-pounder  gun. 

5  carnages  and  limbers  for  light  12-i)ounder  guns. 
4  carriages  and  limbers  for  3-inch  gun. 

1  carriage  and  limber  for  Gatling  gun,  caliber  1  inch. 

7  caissons  and  limbers  for  light  12-pounder  gun. 
4  caissons  and  limbers  for  3-inch  gun. 

Class  III. 

2  sponge  buckets,  iron,  for  field  guns. 

1  tar  bucket,  iron,  for  field  guns. 

2  watering  buckets. 

30  feed  cases  for  Gatling  guns,  caliber  1  inch. 
19  gunners'  haversacks. 

8  gunners'  gimlets. 
14  handsiiikes,  trail. 

25  sets  of  artillery  harness,  2  horses,  wheel. 
22  sets  of  artillery  harness,  2  horses,  lead. 
76  lanyards  for  friction  primers. 
4  x>endulum  hausses. 

4  pendulum  hausse  seats. 
22  paulins,  12  by  15  feet. 
12  prolonges. 

17  priming  wire^. 

10  sponges,  woolen,  12-])ounder  gun. 

5  sponges,  woolen,  3-inch  gun. 
8  sponge  heads,  3-inch  gun, 

8  sponges  and  rammers,  6-pounder  gun. 
8  sponges  and  rammers,  3-inch  gun. 

18  sponges  and  rammers,  12-pounder  gun. 
8  sponge  covers,  6-pounder  gun. 

8  sponge  covers,  3-inch  gun. 
10  si)onge  covers,  12-pounder  gun. 
84  tliumbstalls. 

4  tompions,  for  3-inch  gun. 

4  tompions,  for  12-pounder  gun. 

6  tow  hooks. 
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19  tube  pouches. 
13  vent  covers. 

5  vent  punches. 
4  artillery  whips. 

1  worm  and  staff,  for  0-pounder  gun. 

2  worms  and  staves,  for  12-pouiider  gun. 

Class  V. 

60  6-pounder  shot,  strapped. 

20  3-inch  shot,  fully  prepared. 
60  12-pounder  shot,  strapped. 
32  12-pounder  shot,  fixed. 

16  12-pounder  shells,  fixed. 

40  3-inch  case  shot,  fully  prepared. 

32  12-pounder  case  shot,  fixed. 

90  3-inch  canister,  fully  jirepared. 

25  6-pounder  canister,  filled  and  fixed. 

44  12-pounder  canister,  flUed  and  fixed. 

Class  VI. 

Breech-loading. 

241  Springfield  rifles,  caliber  .50. 
5, 269  Springfield  rifles,  caliber  .45. 

1  Springfield  rifle,  officers'  model,  caliber  .45. 
319  Springfield  carbines,  caliber  .45. 

40  Spencer  carbines,  caliber  .50. 
380  Smith  and  Wesson  revolvers,  caliber  .44. 
612  Schofield  Smith  and  Wesson  revolvers,  caliber  .45. 
1, 030  Colt's  revolvers,  caliber  .45. 
.    14  officer^'  swords,  with  two  scabbards. 
245  light  artillery  sabers. 
130  light  cavalry  sabers. 
114  non-commissioned  officers'  swords. 
12  bayonets  for  caliber  .45  rifles. 

Class  YII. 

200  sets  infantry  accouterments. 
1  valise. 

290  saber  belts  and  plates. 
60  saber  knots. 

100  brace  yokes  and  stay  straps. 

110  non-commissioned  officers'  sword  belts  and  plates. 

200  haversacks  and  straps. 
51  carbine  slings  and  swivels. 

200  carbine  cartridge  pouches. 

550  pistol  cartridge  pouches. 

750  pistol  holsters. 
3, 392  steel  bayonet  scabbards. 

200  leather  bayonet  scabbards. 

650  cartridge  boxes,  caliber  .50. 
3, 470  cartridge  boxes,  caUber  .45. 
3, 337  gun  slings. 
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3,  760  waist  belts  and  plates. 

40  sets  horse  equii)ineiit8. 

23  curb  bridles. 

10  watering  bridles. 

390  cavalry  saddles. 

4  artillery  drivers'  saddles. 

100  girths. 

10  halters  and  straps. 

10  pairs  saddle-bags. 

30  saddle  blankets^ 

25  felt  saddle  cloths. 

2  sweat  leathers. 

Class  VIII. 

458  blank  cartridges  for  3-inch  gun. 
700  blank  cartridges  for  light  12-i>ounder  gun. 
5, 000  elongated  baU  cartridges,  paper,  calibre  .54. 
10, 000  elongated  ball  cartridges,  paper,  caliber  .58. 
1, 139, 000  ride  ball  cartridges,  caliber  .50. 
416, 000  rifle  ball  cartridges,  caliber  .45. 
500  multiball  cartridges,  caliber  .45. 
12, 000  carbine  ball  cartridges,  caliber  .60. 
12, 300  carbine  ball  cartridges,  caliber  .45. 
1, 200  pistol  ball  cartridges,  caliber  .44. 
7, 400  pistol  ball  cartridges,  caliber  .45. 
2, 000  ball  cartridges  for  Gatling  gun,  caliber  1  inch. 
27, 000  rifle  blank  cartridges,  caliber  .50. 
64, 000  rifle  blank  cartridges,  caliber  .45. 
500  pounds  cannon  powder. 
2, 000  pounds  mortar  jWAvder. 
1,  750  friction  primers. 


4, 0(K)  i)ercnssion  caps. 


Class  X. 


9  spai*e  wheels. 
31  pole  pads. 
4  pairs  pole  straps. 

2  spare  poles. 

Spare  parts  for  Springfield  rifiej  caliber  .50. 

1  stock. 
153  firing  pins. 
Ill  firing  pin  springs. 

3  cam  latch  springs. 
6  breech  screws. 

9  upi)er  band  swivels. 
50  buckhom  sights  complete. 

Spare  parts  for  Springfield  rifie,  caliber  .45. 

11  stocks. 

4  tips. 

1  ramrod. 
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1  ramrod  stop. 
5  band  springs. 

2  side  screw  washers. 

2  butt  plates. 

4  butt  plate  screws. 
1  bridle. 
14  band  screws. 
1  bayonet  clasp  screw. 

3  breech  block  cap  screws. 
oOO  firing  pins. 

500  firing  pin  springs. 
1  guard  bow  swivel. 
1  guard  bow  swivel  screw. 

7  guard  screws, 
llock. 

8  lower  bands. 
6  upper  bands. 

1  upper  band  swivel. 

1  upper  guard  screw. 
4  rear  sights. 

3  rear  sight  bases. 

4  rear  sight  base  springs. 
20  rear  sight  joint  screws. 
14  rear  sight  base  screws. 

204  rear  sight  leaves. 
24  rear  sight  leaf  screws. 
221  rear  sight  slides. 

2  sear  springs. 
6  side  screws. 

123  tumblers. 
37  tumbler  screws. 
4  tang  screws. 

Miscellaneous. 

1  felling  ax. 
1  pickax. 

1  long-handled  shovel. 
1, 000  Hoffman  attachments. 
1  primer  ejecting  machine. 
1  powder  charging  machine. 
1  resizing  machine. 
1  pressing  and  crimping  machine. 
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APPENDIX  E. 

Statement  of  ordnance^  ordnance  'stores^  dcc.^  distributed  to  colleges  and 
universities  from  July  1,  1878,  to  June  30, 1879,  under  section  1225 
Revised  Statutes  United  States^  as  amended  by  act  approved  July  5, 1876. 

Class  I. 

4  6-pounder  bronze  guns.. 
C  dinch  wrought  iron  guns. 

Class  II. 

2  G-pounder  gun  carriages  and  limbers. 
6  3-inch  gun  carriages  and  limbers. 
2  caissons  and  limbers  for  6-pounder  guns. 
4  caissons  and  limbers  for  3-inch  guns. 

Class  UL 

10  gunners'  haversacks. 

10  handspikes. 

20  lanyards  for  friction  primers. 

10  priming  wires. 

8  paulins,  12  by  15  feet. 

1  3-inch  pendulum  hausse. 

1  seat  for  pendulum  hausse. 

1  pouch  for  pendulum  hausse. 

4  sponges  for  6-i>ounder  gun. 

4  sponge  covers  for  6-pounder  gun. 
16  sponge  covers  for  3-inch  gun, 

6  sponges  and  rammers,  6-x)ounder  gun. 
18  sponges  and  rammers,  3-inch  gun. 
20  thumbstalls. 

6  tompions,  3-inch  gun. 
10  tube  pouches. 
10  vent  covers. 

Class  VI. 

■ 

667  Springfield  "cadet''  rifles,  caliber  .45. 
28  non-commissioned  officers'  swords,  steel  scabbards. 

Class  VII. 

8  non-conunissioned  officers'  shoulder  belts  and  plates. 
30  saber  belts  and  plates. 
667  steel  bayonet  scabbards. 
667  cartridge  boxes,  caliber  .45. 
667  waist  belts  and  plates. 
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Class  VIII. 

1, 150  blank  cartridges  for  6-pouiider  gun. 
500  blank  cartridges  for  3-iuch  gun. 
100  blank  cartridges  for  12-pounder  gun. 
1, 000  rifle  ball  cartridges,  caliber  .50. 
1, 000  rifle  ball  cartridges,  caliber  .45. 
5, 500  carbine  ball  cartridges,  caliber  .50. 
10, 500  carbine  ball  cartridges,  caliber  .45. 

7, 500  rifle  and  carbine  blank  cartridges,  caliber  .50. 
11, 500  rifle  and  carbine  blank  cartridges^  caliber  .45. 
5, 550  friction  primers. 
100  pounds  mortar  powder. 
10  time  fuses  for  8-incli  mortar  shells. 


APPENDIX  F. 

'Statement  of  ordnmwe  stores^  <fcc.,  dktributed  to  the  Territories  and  States 
bordering  thereon^  from  July  1,  1878,  to  June  30,  1879,  under  the  joint 
resolutions  of  July  3,  1876,  March  3, 1877,  and  June  7,  1878,  and  the 
act  of  May  le^lSlS. 

2, 470  Springfield  rifles,  caliber  .50. 
470  leather  bayonet  scabbards. 
470  cartridge  boxes,  caliber  .58. 
470  gun  slings. 
470  waist  belts  and  plates. 
123, 500  rifle  ball  cartridges,  caliber  .50. 


APPENDIX  G. 

Statement  of  ordnance  and  ordnance  stores^  ctT.,  issued  to  the  Executive 
Departments^  under  tlie  provisions  of  the  act  of  March  3,  1879. 

Class  VI. 

8  Springfield  rifles,  caliber  .50. 
100  Springfield  rides,  caliber  .46. 

12  Springfield  carbines,  caliber  .45. 
420  Colt's  revolvers,  caliber  .45. 

Class  VII. 
100  cartridge  boxes. 
220  pistol  holsters. 
320  waist  belts  and  plates. 

Class  VIII. 

400  rifle  ball  cartridges,  caliber  .50. 
6, 000  rifle  ball  cartridges,  caliber  .45. 
17, 600  revolver  ball  cartridges,  caliber  .45. 


R?:P01iTS  OF  THE  CO^STl^UCTOR  OF  OllDNANOE. 

Office  of  the  Construotoe  of  Ordnance, 

New  YorTc^  October  2,  1879. 
Sir  :  I  have  the  Loiior  to  inclose  herewith  reports  ou  the  construction 
of  the  following-named  ordnance,  to  wit: 

11-inch  muzzle-loading  rifle,  converted  from  a  15-inch  smooth  bore 
liodman  gun,  breech  insertion  of  lining. 
3-inch  breech-loading  rifle. 
3. 17-inch  muzzle-losuling  chambered  rifle. 
3. 16-inch  muzzle-loading  rifle,  '*  rapid  twist." 

Also  reports  on  gas  checks  for  breech-loading  rifles,  and  the  altera- 
iition  made  in  the  traverse  gear  of  the  12-inch  rifle  chassis, 

The  above  comprise  all  the  experimental  guns  which  have  been  con- 
structed under  the  supervision  of  this  office  up  to  date,  and  since  tlie 
(late  of  my  last  reports  pubUshed  with  the  report  of  the  Chief  of  Ord- 
nance for  the  year  1878. 

I  am  largely  indebted  to  the  services  of  Capt.  Charles  S.  Smith  and 
Lieut.  C.  W.  Whipple,  of  the  Ordnance  Department,  in  the  compilation 
of  these  reports  from  the  data  on  the  flies  of  this  oflBce. 
Very  respectfully,  your  obedient  servant, 

8.  CRISPIX, 
Bvt,  Col,  U,  8,  -A.,  Lieut  Col,  of  Ordnance, 

Constructor  of  Ordnance, 
The  Chief  of  Ordnance,  U.  S.  A., 

Washingtonj  7>.  C, 


APPEXDIX  H. 

CONSTRVCTION  OF  THE   ll-INCH  MUZZLE-LOADINa  KIFLE,  CONVERTED 

FROM  A  15-lNCH  SMOOTH  BORE  RODMAN  GUN. 

(One  plato.) 

PRELIMINARY  REMARKS. 

The  conversion  of  this  gun  was  undertaken  in  consequence  of  the  suc- 
cess which  attended  the  conversion  of  .8-inch  muzzle^loading  rifle  No.  1, 
B.  I. ;  and  the  details  of  construction  and  fabrication  incident  to  this 
latter  gun  were  foDowed  in  the  11-inch,  modified,  however,  to  the  extent 
■demanded  by  the  increased  sizes  of  all  the  parts. 

The  only  important  feature  which  distinguishes  the  11-inch  from  its 
smaller  prototype  (8-inch  B.  I.)  consists  in  the  introduction  of  a  wrought- 
lYon  sleeve,  which  unites,  by  means  of  screw-threads  on  its  inner  and 
outer  surfaces,  the  cast-iron  breech-plug  and  the  breech  portion  of  the 
jacket.    (See  plate.) 

It  was  found  imjiracticable  with  existing  facilities  to  make  the  breech 
portion  of  tlie  jacket  thick  enough  to  sufficiently  overlap  the  bottom  of 
the  tube  and  exterior  of  its  breech  cup ;  but  by  tlie  introduction  of  the 
wrought-iron  sleeve  this  important  condition  is  practically  secured. 

DESCRIPTION  OF  GIN. 

Plate  I  repn\sents  in  section  the  principal  details,  which  are  as  follows : 
the  original  15-inch  smooth-bore,  bored  out  to  receive  the  lining;  a 
tube  of  coiled  wrought  iron  (welded),  closed  at  bottom  by  a  wrought  iron 
cup ;  a  hollow  wrought-iron  jacket  shrunk  upon  the  rear  of  the  tube  and 
projecting  in  rear  of  it  to  the  face  of  the  breech ;  the  ca«t-iron  breech- 
plug  and  its  wrought-iron  sleeve;  the  muzzle-coUar ;  the  securing-pins 
and  the  gas-escape. 

It  was  desigued  leaving  the  bore  of  the  casing,  for  a  length  of  94.5 
inches  from  the  muzzle,  at  its  original  diameter,  but  the  discovery-  of  an 
eccentricity  necessitated  its  being  bored  out  to  15.219  inches ;  conse- 
<iuently  for  this  length  the  tul>e  is  2.1095  inches  thick — its  least  thick- 
ness— while  the  thickness  of  the  tube  and  jacket-  over  the  seat  of  the 
charge  is  3.75  inches. 

For  the  puqwse  of  (jorrecting  muzzle-preponderance  the  axis  of 
the  trunnions  was  moved  0.5  inch  toward  the  muzzle,  by  reducing  eccen- 
trically the  diameter  from  15  to  14  inches. 

RXFLING. 

Tlie  rifling  of  the  gun  consists  of  19  lauds  and  grooves : 

Width  of  lands,  0.91215  inch. 

Width  of  grooves,  0.908  inch. 

Twist  uniform,  one  turn  in  60  feet. 

The  rifling  stops  at  a  point  20  inches  fr*om  the  bottom  of  the  bore,  and 
the  diameter  of  the  unrifled  portion  of  the  bore  is  equal  to  tliat  of  the 
rifled  portion  across  lands. 
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VENTING. 

The  old  veut  was  closed  (the  copper  bushing  having  been  removed) 
by  a  wrought-iron  screw-plug,  and  a  new  vent  wa«  made  at  a  distance 
of  9.5  inches  from  the  bottom  of  the  bore,  and  2.5  inches  to  the  left  of 
the  vertical  plane  through  the  axis  of  the  bore. 

FABRICATION. 

The  tube  was  nianuftictured  and  work  of  conversion  performed  at  the 
West  Point  Foundery ;  the  gun  selected  for  the  conversion  was  15-iiich 
Rodman  smooth-bore  No.  113,  manufactured  at  the  South  Boston  Fouiid- 
er>  iu  1865. 

*Up  to  this  time  no  tube  had  been  made  which  required  the  manip- 
ulation of  iron  larger  than  that  used  in  jackets  for  8-inch  tubes ;  and 
the  capacity  of  the  plant  had  to  be,  consequently,  considerably  increased. 

In  addition  to  new  mandrels,  welding-pots,  anvils,  dies,  &c.,  cranes 
were  strengthened,  furnaces  enlarged,  and  new  appliances,  such  as  cross- 
heads  and  rods,  screw  and  head,  butt  staves,  &c.,  made  for  the  press- 
lurnace. 

Important  alterations  were  also  made  in  the  rifling  and  other  machines. 

The  tube  was  made  of  "A"  (juality  Ulster  tube-iron ;  the  jacket  of  '^  B  -* 
quality  Ulster  tube-iron  ;  and  the  forging  for  breech  end  of  jacket  from 
''A"  quality  Ulster  product. 

The  following  results  were  obtained  by  mechanical  t<5st»8  of  the  iron 
used. 

The  specimens  of  wrought  iron  were  taken  from  the  bar  and  with  the 
fiber. 


Sptifinu'iiH, 


^  t 

s  « 


3 


•r  S 


s  ex. 

»  a 


Remarks. 


Wrought  iron. 

1 

Inches:  I 

Indies. 

Pound*. 

Poitndn. 

Tnchea. 

1. 

From    3"    rtcpiaro    bar 
(••A -quality). 

3.0  j 

0.  25:i38 

48,  000.  00 

24,  000.  00 

0. 285 

•> 

*1« 

Fn.iii  2". 75  Hquar©  bar 
('•A"  quality). 

3.0 

1 

1 

0.  25428 

49.  000. 00 

25, 000.  00 

0.301 

3. 

From    3". 5    hoxa<;oiial 
bar  ("B"  quality). 

3.0  1 

1 

0.  2;>()3 

47, 278.  00 

22,  750. 00 

0.  2511 

4. 

From    5"i   Krjuaro   bar 
(••B  ■  quality.) 

(■a»t  iron. 

xo  ' 

0. 20100 

49.  728.  00 

2r>.  000. 00 

0.  -226 

5. 

Fi-oni  bret'cb-jilug. 

1 

1.113 

30,  r)71.00 

For  uiidcUc  aoctiou  of  tube. 

For  tliree  front  ami  two 
i"«ar  Hectione  of  tube. 

For  frmit  Rection  of  jacket, 
mean  of  four  speoinuns. 

For  it'ar  coiled  «<*ct ion  of 
jackot.  mean  of  t wo .spe<- 

lUKDH. 


The  tube  was  made  of  six  coiled  sections. 

The  iron  as  received  from  rolliu^-mill  was  as  follows  : 

For  two  rear  sections,  6  bars,  2.75  inches  s^iuare,  20  feet  long. 

For  following-  (or  middle)  section,  3  bars,  3.00  inches  square,  19  feet 
8  inches  lon^. 

For  three  forward  sections,  9  bars,  2.7r>  inches  square,  21  feet  4  inches 
long. 

Tliese  bars  were  welded  together  in  sets  of  three  for  each  seclion. 
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For  the  two  rear  sections  the  bars  were  coiled  over  a  9.5-iuch  mandrel^ 
and  subsequently  welded  in  the  following  "pots": 

For  a™.  h«.t ,  j  KJ  fSZ:  ill  a^l  !  X  «  »«•«»  "ik- 

For  the  middle  section  the  bar  was  coil^  over  a  10-inch  mandrel,  and 
welded  in  the  following  "  pots'': 

For  fl«  L«t:  j  ^^  tSetJl  1S|  iSSS  !  "  «  -'-  •"«"• 
For  ,«0.d  he«. ,  {  K;  ^S£;  }?|  S»  }  X  44  U,ch«  UgL. 

For  three  forward  sections  the  bars  were  coiled  over  a  10-inch  mandrel, 
and  welded  in  the  following  "pots": 

For  «^  h... ,  { ^z  Sr;  1°|  22 !  X « '»'"'"'  •"«"• 

For  ««o„d  heat :  j  Kj  dtaeter,  16*  Ijc,,^  }  ,  „  ,„„,^  „^,, 

All  of  the  sections  were  then  rough-bored,  faced,  and  prepared  for 
tube- welding  in  the  usual  manner;  the  middle  section  being  turned 
down  for  a  length  of  about  8  inches  on  either  end,  in  order  to  accom- 
modate it  to  the  smaller  diameters  of  the  two  contiguous  sections. 

The  jacket  was  made  in  three  sections;  the  rear  one  from  a  forged, 
iron,  and  the  two  forward  ones  made  of  coiled  wrought  iron,  received 
from  the  rolling-mill,  as  follows: 

For  front  section,  3  bars,  4"  x  3".35,  hexagonal  cross-section,  19  feet 
8  inches  long. 

For  middle  section,  3  bars,  5^^"  square,  15  feet  4  inches  long. 

Each  of  these  sets  were  welded  together  to  form  a  single  bar,  and  the 
larger  was  planed  to  the  usuiil  hexagonal  cross-section. 

For  the  front  section  the  bar  was  coiled  over  a  12i-inch  mandrel,  and 
welded  in  the  following  "  pots  " : 

For  ««t  heat,  {  gj-  ^J^S,'  \%  SS  !  "^ >'■'<■'-  "i^"- 

For  s«=«„d  L«.t:  j  ^^  f^^l  ^i  SS  !  ^  «-!-  "'^^ 

For  the  middle  section  the  bar  was  coiled  over  a  9f -inch  mandrel,  and 
welded  in  the  following  "  pots  ^ : 

,    For  ar..  L«.t :  {  ^Z  tS^  '21'  ISS  ( >< » i—  "i^"- 
For  »««„d  Leat ,  {  Y^Z  SSl  ^  ttV,  !  "  « '"«"«»  "«-■ 

The  " cheese''  used  in  each  case  was  about  J  inch  smaller  in  diameter 
than  the  pot,  and  about  10  inches  in  thickness. 

The  rear,  forged  section  was  bored  to  10.5  inches,  and  cut  to  a  length 
of  about  26  inches. 

The  middle  section,  which  was  about  36  inches  long,  was  bored  for  a 
length  of  12  inches  to  a  diameter  of  10.5  inches,  and  for  the  remainder 
of  its  length  to  a  diameter  of  13.5  inches;  for  one-half  of  its  length  it 
was  turned  down  on  the  exterior  to  a  diameter  of  about  20  inches.  The 
front  section,  about  36  inches  long,  was  bored  to  13.5  inches  diameter. 

After  welding,  the  jacket  was  so  cut  as  to  throw  the  joint  between  the 
rear  and  middle  sections  at  a  distance  of  8  inches  from  the  bawe  of  the 
tube. 

The  tube  was  then  rough-bored  to  11  inches,  fitted  with  a  breech  <»up, 
and  turned  down  to  receive  the  jacket. 
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APPENDIX  H^ 

CONSTRUCTION  OF  A  3-INCH  BREECH-LOADING  RIFLE. 

(Two  plates.) 

PRELMINARY    REMARKS. 

With  a  view  of  deteruiinin^  the  proper  charge  to  be  used  in  guns  of 
this  caliber  in  service,  it  was  decided  to  conduct  a  series  of  experiments 
with  a  3-iuch  rifle  with  varying  charges. 

The  lifle  selected  for  the  exi)eriments  was  altered  into  a'breech-loader 
to  secure  that  unifi»rmity  in  recording  pressures  which  the  use  of  a  fixed        /      v 
pressure- phig  assures;  also  for  the  purpose  of  q|fbrding  an  opportunity        <\    \ 
of  establishing  certain  facts  pertaining  to  the  particular  mode  of  altera-        ,    \j 
tion  employed,  and  to  give  additional  tests  to  the  system  of  construe-        '    \ 
tion.  J       A 

The  pressnre-plug  located  (see  plate)  in  the  breech-block,  is  easily 
removed  after  each  tire,  thus  supplying  a  record  of  maximum  pressures 
at  the  bottom  of  the  bore. 

DESCRIPTION. 

Plate  I  represents  in  longitudinal  section,  a  3-incli  service  wrought- 
iron  gun,  cut  off  at  the  breech  to  a  length  of  G3.15  inches,  and  bored  from 
the  breech  to  receive  the  steel  breech-receiver,  which  is  united  to  it  by  a 
screw-thread. 

At  a  distance  of  1.7  inches  in  rear  of  the  wrought-iron  casing,  a  slot 
is  cut  in  the  breech-receiver  for  the  reception  of  the  breech-block. 

Plate  II.  The  steel  breech-block  is  constructed  on  the  sliding-wedge 
system.  The  front  face  is  peri>endicular  to  the  axis  of  the  bore,  while 
tiie  rear  is  inclined  1*^  30'.  The  movement  is  regulated  by  two  guides 
in  the  slot,  which  work  in  corresponding  grooves  in  the  block  and  are 
parallel  to  its  rear  surface. 

The  front  of  the  block  is  hollowed  out  for  the  reception  of  a  steel 
Kodman  pressure-plug.  The  face  of  the  plug  performs  the  functions  of 
an  obturator-plate. 

The  plug  differs  from  the  ordinary  Eodman  construction  in  the  use  of 
rectangular  shaped  copper  pieces,  instead  of  the  disks  commonly  used ; 
also  by  the  plug  being  opened  and  closed  by  a  screw-nut  at  the  bottom 
instead  of  at  the  top. 

The  only  mechanism  connected  with  the  breech-block  is  the  locking- 
screw,  which  is  placed  in  a  cylindrical  recess  at  the  rear  of  the  block, 
and  locks,  when  the  block  is  in  position,  into  a  female  thread  cut  in  the 
rear  face  of  the  slot  in  the  breech-receiver.  Two  of  the  three  threads  of 
the  locking-screw  are  partially  sheared  off,  in  order  to  allow  the  connec- 
tion between  the  screw  and  the  breech-receiver  to  be  made  or  broken 
during  the  manipulation  of  the  breecli  block. 

In  other  respects  the  breech-block  is  worked  by  hand,  the  wrench  of 
the  locking-screw  serving  as  a  handle  in  withdrawing  or  inserting  the 
block. 

As  an  examination  must  be  made  of  the  pressure-plug  after  each  dis- 
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charge,  no  cbain  or  other  attachineut  is  used  for  limiting  the  oatward 
movement  of  the  block. 

The  gas-checks  used'  are  the  ordinary  Broadwell  rings  and  the  com- 
pound steel  and  copper  checks. 

RIFLING,  CHA3IBERING,  AND  VENTING. 

The  rifling  of  the  gun  is  not  altered,  the  original  grooves  being  simply 
continued  along  the  bore  of  the  steel  breech-receiver. 

Number  of  grooves  aud  lauds 7 

Width  of  lauds... 0.5     inch. 

Width  of  grooves 0. 846  inch. 

Depth  of  grooves 0.075  inch. 

Twist  uniform,  one  turn  in  40  calibers. 

The  chamber  is  7.85  inches  long  and  3.15  inches  in  diameter.  The 
lands  are  connected  with  the  chamber  by  a  bevel  of  1.1  inches.  At  the 
rear  the  chamber  is  enlarged  to  form  a  recess  for  the  gas-check. 

The  vent  is  in  a  verftcal  plane  passing  through  the  axis,  and  is  at  a 
distance  of  1.3  inches  from  the  bottom  of  the  bore. 

FABRICATION. 

The  gun  selected  for  this  conversion  was  3-inch  wrought-iron  rifle  No. 
914,  and  the  work  was  performed  at  the  West  Point  Foundery. 

The  breech-block  and  breech-receiver  were  made  of  Midvale  steel. 
The  latter  ingot  was  rough  turned  and  bored,  and  sent  back  to  the  Mid- 
vale  Works  to  be  tempered  in  oil. 

Specimens  were  tested  from  both  ingots  (before  tempering)  with  the 
following  results : 
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The  original  gun  was  first  cut  off  at  the  breech,  bored  out,  and  the 
screw-thread  cut  for  the  reception  of  the  breechrreceiver,  which  was  pre- 
pared for  insertion  by  boring  and  cutting  the  plus  thread  on  its  forward 
end. 

The  breech -receiver  was  then  screwed  into  the  casing,  and  secured 
there  by  a  small  steel  pin  inserted  at  the  joint.  It  was  then  finished, 
bored,  chambered,  and  rifled. 

The  slot  for  the  breech-block  was  then  cut  out  in  the  slotting  machine, 
and  finished  by  hand  with  the  file;  and  the  different  parts  of  the  breech 
mechanism,  including  the  seat  for  the  pressure-plug,  were  completed  and 
fitted  and  united. 

INSPECTION. 

The  usual  inspections  were  made  of  every  detail  incident  to  the  con- 
struction, and  the  rifle,  after  completion,  accepted  as  satisfactory,  and 
shipped  to  Sandy  Hook  for  powder-proof. 
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Principal  dimensions. 


Subject  of  measurement. 

^I>^mJSi.^!?,*»'<^<>»^erted  rifle inchea. 

I>iamet^r  ^ J ^'^'^^^ do... 

J>laineten^5Pi'*'^*!®"o'^retl»roagh  breech-block  do... 

I-enirth#fr^^i°«?***»^o^^re  in  rear  of  breechblock do... 

I-enStli  JrJ-P^^^^^K^^ion  of  hore  in  rear  of  breech-block do... 

Total  lL«or*if^7v'"^t*''" ^  ro*' of  caaing do... 

LeMth^r  V^  **"^*^^i:!^*^*^'«^»^  over  threads do... 

I*itoVo^♦Kt*^'^^^P"^'^<*f^'*«ch.^oceive^ do... 

I^n^S  o\^uS?^ '*'' ^"'''^'"''^''"' ^• 

x^P^y^^^^^^^ciiwock.:: Z" 

Attitimesa  of  breechblock  throueh  cento;:::::::;;:;:::;:::;:::::::;:::;::;^ 

^vidtli  of  slot  for  breech-block f°*?^.^"*°°» do... 

§-j^^rifled  portion  of  bore  !.°:^^:::::;;:;;;:::^ 

wisih^^^f^iLgr"^ 5s 

wl^sS^i' ^^*"«' «">«*""»  in ::::::::: ;v;;;vv:;v:;;.;...  fSet 

feilSlSfSS^^^-^^-*^ .\.-v.v-v:v;.v:;;:;;;;;;: pc^e. 

■preponaeiTtoco. ..;;;;;;;;;;;::;:;:;;;;;;; ; ;::::::dS.:' 


Dimen- 
sions. 
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3.25 
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10.6 

4.24 

3.8 

4.0 

3.8 
57.15 

7.0 
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0.846 

0.075 
10 
36 
844 
102.75 
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CONSTRUCTION  OF  A  3.16-INCH  MUZZLE-LOADING  RIFLE,  CHAMBERED. 

(One  plate.) 

PBELIMINABT  REMARKS. 

This  giin  was  designed  with  the  view  of  furnishing  the  means  of  a 
prompt  and  inexpensive  investigation  of  the  advantages  of  the  employ- 
ment of  a  powder-chamber  larger  than  the  bore,  and  of  increasing  the 
length  of  the  latter.  The  application  of  these  principles  to  a  larger  cali- 
ber would  have  been  more  satisfactory,  but  it  would  have  involved  a 
delay  which  the  importance  of  the  subject  made  it  desirable  should  not 
occur. 

The  attention  of  the  department  was  invited  to  the  subject  of  cham- 
bered rifles  in  "  Ordnance  Notes  "  No.  105,  and  the  principles  and  prob- 
able results  discussed  in  that  paper*  in  reference  to  a  proposed  4.5-inch 
breech-loading  rifle. 

The  same  general  features  then  recommended  regarding  the  details  of 
the  chamber  and  length  of  bore,  attain  in  the  altered  3.16-inch  rifle. 

The  bore,  it  will  be  seen,  is  30  calibers  long,  and  the  chamber  has  a  ^j 
length  of  15.04  inches  and  a  diameter  of  4.13  inches,  and  a  total  capacity  ^ 
of  6.94  pounds  of  powder. 

The  capacity  of  the  chamber  by  volume  is  186  cubic  inches,  and  allow- 
ing, say,  33  cubic  inches  per  pound  of  powder,  it  can  accommodate  5.63 
pounds.    The  charge  was  intended  to  vary  from  5  pounds  5  ounces  to  / 

6  pounds  13  ounces,  with  a  projectile  varying  in  weight  from  10.5  pounds 
to  12.5  pounds. 

The  above-mentioned  charges  cover  cases  varying  in  the  employment 
of  from  35  to  32  cubic  inches  of  space  per  pound  of  powder  in  the  cham- 
ber. 

The  calculated  initial  velocity  was  about  2,000  feet ;  and  the  estimated 
pressure  not  to  exceed,  say,  32,000  pounds  per  square  inch. 

DESCRIPTION. 

Plate  I  represents  a  longitudinal  section  through  the  axis  of  the  trun- 
nions, showing  the  principal  details  of  the  finished  rifle,  which  are  as 
follows : 

The  original  3-inch  rifle,  bored  to  3.16  inches,  and  chambered  for  a 
length  of  15.04  inches  from  bottom  of  bore. 

Additional  piece  screwed  to  muzzle  end  of  rifle,  by  which  the  bore  is 
increased  in  length  from  65  inches  to  90  inches. 

Reinforcing  band,  shrunk  on  body  of  gun  over  chamber  to  increase  the 
tangential  strength  and  coiTect  the  muzzle  preponderance  of  the  altered 
rifle. 

RIFLING. 

The  rifling  consists  of  seven  lands  and  grooves. 

Inch. 

Width  of  grooves 0.845 

Width  of  lauds 0.5754 

Depth  of  grooves •••. • 0.075 

TwiHt  imifurm,  one  turn  in  10  feet. 
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VENTING. 

The  old  vent  was  closed  (the  copper  bushing  having  been  removed) 
by  a  wrought-iron  screvr-plug,  and  h  new  one  was  bored  in  a  vertical 
plane  through  yie  axis  of  the  bore,  and  at  a  distance  of  6  inches  from 
the  bottom  of  the  bore. 

FABRICATION. 

The  gun  selected  for  the  alteration  was  3-inch  wrought-iron  rifle  Xo. 
820,  and  the  work  was  performed  at  the  \yest  Point  Foundery. 

The  reinforcing  band  and  muzzle-piece  for  increasing  the  length  of 
bore  were  both  made  of  Ulster  iron,  of  the  quality  used  in  the  construc- 
tion of  tubes  for  8inch  converted  rifles.  The  band  was  made  from  a 
coiled  section  designed  for  one  of  these  tubes,  and  the  muzzle-piece 
forged  from  scrap  iron. 

.  The  gun  was  rough-bored  sufficiently  to  remove  all  trace  of  the 
original  rifling,  and  was  then  chambered.  For  this  purpose  a  tool  was 
used  similar  to,  and  working  on  the  same  principle  as,  the  ordinary 
rifling  tool. 

The  chamber  was  first  bored,  the  cut  commencing  at  the  bottom  of 
the  bore.  The  body  of  the  gun  was  then  turned  down  over  the  chamber, 
and  for  a  length  of  19  inches,  to  a  diameter  of  8.907  inches,  and  the  gun 
subjected  to  a  water-proof  of  200  pounds  to  the  square  inch.  The  muz- 
He  was  then  turned  down  and  a  screw  thread  cut  for  the  reception  of 
rtihe  muzzle-piece,  which  had  in  the  mean  time  been  rough-turned,  rough- 
bored,  and  prepared  for  fitting.  After  the  muzzle-piece  had  been 
,  screwed  into  place,  two  small  pins  |  inch  long  and  0.5  inch  diameter 
were  inserted  at  the  joint  from  either  side,  and  the  gun  was  then  fin- 
ished, bored,  and  rifled. 
y  The  reinforcing  band  was  then*shnink  on  (shrinkage  0.007  inch),  and 

the  original  vent  having  been  previously  closed,  a  new  vent  was  bored 
through  the  reinforcing  band. 

INSPECTION. 

m 

The  usual  inspections  were  made  of  every  detail  incident  to  the  con- 
struction, and  the  rifle,  after  completion,  finally  inspectecL  accepted  as 
satisfactory,  and  shipped  to  Sandy  Hook  for  powder-proof. 

Principal  dimetmons. 
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Subject  of  meaburement. 


Diameter  of  bofe  acrosH  lands inches. 

Lenjftb  of  mnforciiiK  band do... 

Int^Tior  diameter  of  reinforcing  band do . . . 

Diameter  of  rirte  under  ivinforcing  band do. .. 

Shrinkage do . . . 

Lentrtb  otbore ..do. .. 

Len<;th  of  cbaniber  (including  fillets) do. .. 

Diameter  of  chamber do... 

Diameter  of  bore  ut  buttom  of  chamber do . . . 

Lentrth  of  uiuzzle-piere do . . . 

Weij;ht  of  ritio pounds. 


Difflf  n- 
sion9. 


3.162 
19.00 

8.9 

8.907 
.007 
89.91 
15.04 

4.13 

3.05 
30.  28 

1,  285 


Preponderance do 66.  75 


APPENDIX  H3. 

CONSTRUCTION   OF  A  3.17-INCH  MUZZLE-LOADING  RIFLE,  RAPID  TWIST* 

PRELIMINARY  REMARKS. 

The  fact  that  the  use  of  a  shorter  twist  than  now  attains  in  our  rifle 
giins  would  enable  us  to  successfully  use  longer  projectiles  (expanding 
system)  than  the  present  rifling  permits,  has  long  been  recognized  by 
the  Jrdnance  Board,  and  the  subject  has  only  been  delayed  by  the 
pressure  of  other  important  experiments. 

As  a  preliminary  and  inexpensive  experiment  could  be  made  by  a 
change  of  twist  in  the  3-inch  service  rifle,  and  as  the  change  would  prob- 
ably enable  us  by  trial  to  secure  reliable  information  on  the  subject  of 
"shortening  our  twist''  in  our  heavier  guns,  a  gun  of  this  caliber  was 
altered  in  accordance  with  the  details  given  below. 

DESCRIPTION. 

The  alteration  consisted  only  in  boring  out  the  lands  of  the  original 
rifling  for  the  purpose  of  cutting  in  the  bore  a  larger  number  of  grooves 
with  a  greater  twist. 

ORIGINAL  RLPLING. 

Number  of  lands  and  grooves • 7 

Width  of  lands 0.5  inch. 

Width  of  grooves 0.846  inch. 

Depth  of  grooves , 0.075  inch. 

Twist,  uniform ;  one  turn  in  40  calibers. 

ALTERED  RIFLING. 

Number  of  lands  and  grooves 13 

Width  of  lands 0.31(5  inch. 

Width  of  grooves 0.450  inch.^ 

Depth  of  grooves 0.075  inch. 

Twist,  uniform ;  one  turn  in  24  calibers. 

The  rifling  stops  at  a  distance  of  4  inches  from  the  bottom  of  the  bore. 

FABRICATION. 

The  gun  selected  for  this  alteration  was  3-inch  wroughtiron  rifle  No. 
520,  and  the  work  was  performed  at  the  West  Point  Foundery. 

The  gun  was  placed  in  the  bed  and  rough-bored  till  all  traces  of  the 
original  rifling  had  been  removed;  it  was  then  flue-bored  and  rifled. 

INSPECTION. 

The  bore  was  star-gauged  and  the  details  of  rifling  verified  by  meas- 
urements. 
The  rifle  was  then  accepted  and  shipped  to  Sandy  Hook. 
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GAS-CHECKS  FOR  BREECH-LOADING  RIFLES. 

(One  plate.) 

(Composed  of  a  soft  and  extensible  material  united  to  a  base  made 
of  a  bard  and  elastic  material.) 

In  experiments  with  the  8-ineh  breecli-loadin<^  rifle,  both  copper  and 
steel  gas-cheeks  were  used.  The  former  proved  the  better  gas-checks, 
but  at  times  stuck  to  the  face  of  the  breech-block  after  firing,  to  such 
extent  as  to  make  it  diiiicult  to  withdraw  tlie  block.  With  the  steel 
gas-check,  however,  no  difficulty  was  found  in  withdrawing  the  block 
after  firing,  though  there  was  at  times  a  slight  escape  of  gas. 

To  remedy  the  defective  operation  of  the  clie<;ks  constructed  of  a  sin- 
gle metal  (either  copper  or  steel  or  other  metals),  a  gas-check  was  de- 
signed and  made  of  steel  and  copper  combined,  thus  insuring  in  the 
ring  the  hardness  and  elasticity  of  steel  at  the  base  with  the  compress- 
ibility and  extensibility  of  the  copper  part  in  contact  with  the  walls  of 
the  gas-ring  seat.  This  construction  secures  through  the  extensible  cop- 
per a  perfect  and  close  check  at  the  sides  of  the  seat  in  the  chamber  of 
the  gun^  while  at  the  same  time,  the  check  having  its  base  of  haixl  and 
unyielding  steel,  any  binding  or  sticking  of  the  breech  fermeture  in 
opening  the  breech  is  prevented. 

The  mode  of  construction  of  an  Sinch  gas-check  is  as  follows : 

Two  holes  are  punched,  near  either  end,  through  a  steel  bar  about 
14  inches  long,  2^  inches  wide,  and  ^  inch  thick.  The  bar  is*  then  slit 
with  a  chisel  between  these  two  holes,  and  the  slit  first  enlarged  by  a 
mandrel,  and  finally  formed  into  a  circle  on  the  anvil.  It  is  then  placed 
in  the  lathe,  its  bearing  surface  with  the  copper  finished,  and  only 
sufficient  excess  of  metal  left  elsewhere  to  allow  subsequent  slight  cor- 
rections. 

The  steel  sabot  is  then  carefully  heated  over  a  slow  charcoal  fire  un- 
til it  attains  a  dull  red  heat,  and  is  then  immersed  in  a  bath  of  rape 
oil  and  left  to  cool. 

A  2-inch  round  copper  bar,  14  inches  long,  is  then  similarly  shaped 
into  a  ring ;  then  placed  in  the  lathe,  its  face  and  shoulder  which  bear 
against  the  steel  sabot  finished,  and  its  interior  diameter  roughly 
•shaped.  Two  modes  of  assembling  the  two  parts  have  been  success- 
fully employed.  ^ 

By  the  first,  the  copper  ring  is  simply  laid  in  its  place  ui)on  the  steel 
sabot,  and  both  then  placed  on  a  loosely  fitting  mandrel.  The  workman 
then  gently  hammers  the  copper  ring  on  the  outside,  slightly  turning 
both  rings  after  each  blow,  and  so  gradually  crowds  the  copper  into  the 
recess  of  the  steel  sabot. 

By  the  other  and  preferred  mode  of  assembling,  the  copper  ring  is 
screwed  to  its  steel  sabot,  as  shown  in  plate. 

After  assembling,  the  rings  are  placed  in  the  lathe,  the  interior  di- 
ameter first  secured,  and  the  gas-cbeck  then  otherwise  finished. 
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APPENDIX  W. 

PROPOSED  CHAMBERED  RIFLE,  4.50-INCH  CALIBER. 

(Four  plates.) 

February  24, 1879. 

I  have  the  honor  to  inclose  herewith  a  deJ3cription  of  a  proposed  breech- 
loading  4^'inch  chambered  rifle,  accompanied  by  the  necessary  drawings 
showing  the  details  of  the  construction. 

As  it  is  deemed  important  that  the  subject  of  chambering  guns  should 
be  investigated  at  an  early  date,  the  inclosed  plans  and  data  regarding 
them  are  submitted  for  the  consideration  and  action  of  the  department. 
The  cost,  it  is  approximately  estimated,  will  not  exceed,  say,  two  thou- 
sand dollars. 

As  a  fact  of  some  interest  in  connection  with  the  subject  of  employing 
air-spaces  with  powder  charges,  or  the  introduction  of  powder  chambers 
larger  than  the  bore  of  the  gun,  the  attention  of  the  department  is  invited 
to  the  toUowing  extract,  taken  from  a  paper  obtained  from  the  Confed- 
erate archives  at  Richmond,  Va.,  dated  1864: 

A  7-iucli  gun  was  loaded  with  a  full  charno  of  powder,  made  np  in  a  cartridge  only 
6  inches  in  diameter,  and  so  sup]iorted  in  the  bore  that  a  stratum  of  air  half-iucli  in 
thickness  remained  between  the  cartrid<;e  and  the  walls  of  the  chase.  The  shot  was 
in  innnediate  contact  with  the  powder.  The  result  of  the  experiment  was  that,  while 
the  shot  retained  it«  full  initial  velocity,  the  strain  on  the  ^nu  wasivduced  nearly  «)ne- 
half.  The  stratum  of  air  between  the  cartridge  and  the  surface  of  the  charge  evidently 
acted  the  part  of  a  cushion  or  spring,  absorbing  a  greater  p<u*tion  of  the  initial  strain 
in  its  comiu'ession,  the. wave  of  transmitted  force  being  unalde  to  pass  through  it  with 
sufficient  velocity  to  affect  the  gun  materially. 

In  conclusion,  I  may  state  that  the  subject  of  the  proper  kind  of  pow- 
ders, the  size  of  grain,  and  densities  for  4i-iiich  siege  rifles,  chambered 
and  unchaiiiberen,  is  now  under  advisement  and  some  samples  in  course 
of  fabrication. 


April  29, 1879. 

Referring  to  my  communication  of  February  24,  1879,  submitting  a 
.  description  and  drawings  of  a  proposed  4i-iuc*h  breech -loading  chambered 
rifle,  I  have  now  to  inform  you  that  I  have  prepared  a  modified  plan  of 
constniction  for  this  gun,  involving  some  new  features  in  the  mode  of 
construction,  and  some  changes  in  dimensions.  This  modified  plan  is 
herewith  submitted  (marked  Plate  IV)  for  consideration,  in  connection 
with  the  originals  referred  to  above. 

Referring  to  Plate  I,  accompanying  my  letter  of  February  24,  it  will 
be  seen  that  a  coiled  wrought-iron  tube  aftbrds  the  bore-surfaces  for  some 
distance  in  that  construction.  This  feature,  on  further  consideration,  it 
is  thought,  in  a  gun  of  so  small  a  caliber,  can  be  dispensed  with ;  and  as 
its  absence  will  enable  us  to  increase  the  diameter  of  the  chamber  and 
thus  reduce  its  length — the  thickness  of  the  wrought-iron  walls  prevent- 
ing any  change  in  this  direction — an  additional  length  of  bore  beyond 
the  chamber  can  be  secured. 

A  reference  to  the  legend  (Plate  IV)  will  show  the  changes  in  the 
dimensions  of  the  chamber,  resulting  from  the  absence  of  the  coiled 
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wroughtiron  liiiing  tube.  In  large  constructions,  of  course,  the  thick- 
ness of  walls  of  the  wrought-iron  lining  will  afford  all  the  latitude  neces- 
sary for  the  diametrical  dimensions  of  the  chamber. 

It  will  be  observed  that  in  the  proposed  construction — ^using  steel 
altogether — the  steel  breech-receiver  is  lengthened  so  as  to  replace  fully 
the  coiled  wrought-iron  lining  contemplated  in  plan  shown  on  Plate  I. 
The  other  features  of  the  construction  remain  the  same  as  are  shown  on 
Plate  I. 

The  legends  give  all  the  necessary  information  as  to  dimensions,  charge, 
velocity,  power,  &c.,  of  the  proposed  construction. 

DESCRIPTION. 

The  highly  satisfactory  results  which  have  attended  the  experiments 
made  by  Sir  William  Armstrong  in  the  applications  of  chambers  to  (5- 
inch  and  8-inch  rifles  have  led  to  the  consideration  of  the  subject  of  the 
construction  of  an  experimental  gun  embodying  this  feature,  with  a  view 
to  a  series  of  tests  which  shall  enable  us  to  form  accurate  conclusions  as 
to  the  value  of  the  idea  of  chambering ;  and  also  affonls  sufficient  data, 
to  enable  us  to  undertake  its  application,  if  successful,  to  guns  of  large 
calibers  for  seige  and  seacoast  annament. 

With  a  view  to  economy — the  capacities  of  existing  plants  for  produc- 
tion, and  the  securement  of  the  gun  at  an  early  date — it  has  been  decided 
to  recommend  a4J-inch  siege-rifle,  and  to  make  ifc  a  breech-loader,  using 
the  round  wedge  fernieture. 

The  introduction  of  the  latter  feature,  it  is  thought,  will  secure  a  moi*e 
I>erfect  application  of  the  principles  proposed  to  be  investigated  5  give 
greater  facilities  for  modiflcatious  and  alterations  if  found  necessary  or 
deemed  desirable,  while  further  developing  the  question  of  the  value  of 
breech-loading  constructions  and  systems. 

The  general  features  are  a  cast-iron  body  lined  partly  by  a  wrought- 
iron  tube,  and  having  a  steel  breech-receiver  inserted  at  the  rear,  screwed 
to  the  cast-iron  body,  and  protniding  sufficiently  to  the  rear  to  accom- 
modate the  round  \yeilgefermeture.  The  cast-iron  body  \s  fretted  with  a 
single  series  of  steel  rings  from  its  rear  end  to  a  short  distance  in  front 
of  the  trunnions. 

The  tninnion-ring  is  a  band  of  steel  cast  and  forged  solid,  and  then  cut 
out  and  reduced  to  the  proper  dimensions.  It  is  intended  to  be  shrunk 
on  under  ordinary  tension,  the  cast-iron  being  recessed  for  the  purpose.  A 
bisected  ring  (shown  in  section  in  drawing)  finds  place  in  front  of  the 
first /re//e  in  front  of  the  trunnions,  and,  fitting  into  a  recess  on  the  cast- 
iron  body,  gives  additional  security  for  preventing  a  forward  movement 
of  the  trunnion-band. 

The  steel  jacket  breech-receiver  is  shrunk  on  the  wrought-iron  tube, 
and  the  two  so  united  inseited  into  the  cast-iron  body  under  shrinkage; 
the  mode  of  construction  in  this  regard  being  identical  with  that  followed 
in  the  fabrication  of  the  8-inch  breech-loading  rifle  recently  made  at  the 
South  Boston  foundery. 

A  steel  ring  is  superimposed  on  the  two  rear  frettes,  to  give  additional 
strength  as  well  as  finish  to  the  system. 

The  siteelfrettesj  it  is  intended,  shall  be  put  on  under  shrinkage,  after 
the  simple  manner  of  the  shrinkage  of  tires  on  ordinary  wheels ;  thefrettes 
being  raised  to  a  black  heat,  and  when  placed  in  position  on  the  cast- 
iron  body  cooled  by  converging  jets  of  water  emanating  from  a  water 
collar  placed  externally  over  and  concentrically  with  esu^/rette  in  turn. 
The  thickness  of  wall  at  the  chamber  is  over  1 J  calibers,  and  is  deemed 
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sufficiently  8tix)iig  tangentially,  constructed  as  it  is  of  wrought  iron,  steel 
and  cast  iron. 

It  is  deemed  important  to  keep  up  the  tangential  strength  of  the  sys- 
tem to  a  considerable  distance  bej'^ond  the  seat  of  the  charge,  as  the  cir- 
cumstances of  inflammation  and  subsequent  combustion  of  it  (large  in 
weight)  would  seem  to  demand  a  considerable  length  of  bore  of  the 
maximum  strength,  as  pressures  approximating  to  the  maximum  must 
attain  longer  than  in  ordinary  cases ;  or,  to  illustrate  otherwise,  the  curve 
of  pressure  must  be  relatively  much  flatter  than  that  attaining  in  the  use 
of  a  common  charge.  Also,  it  is  believed  that  the  action,  in  the  cs^e  of 
the  employment  of  chambers  with  large  charges  of  powder,  results,  at 
the  time  of  the  initial  inflammation  of  the  charge,  in  the  development  of 
a  powder-gas  comparatively  low  in  pressures,  owing  to  the  space  above, 
but  sutticieut,  however,  with  the  compressed  air,  to  start  the  projectile 
with  a  low  ^'elocity ;  and  that  when  the  maximum  pressures  attain,  the 
volume  of  the  bore  between  the  burning  powder  andprqjectile  is  relatively 
greater  than  under  ordinary  circumstances,  and  that  the  phenomena 
of  a  rapidly  augmenting  gas  evolution,  giving  increased  power,  ensues, 
but,  owing  to  the  rapidly  increasing  velocity  of  the  projectile  increasing 
rapidly  the  bore-spaces  between  the  burning  powder  and  the  shot,  the 
resulting  pressures  decline  (jradually  from  the  maximum  (not  usually 
dangei*ous),  and  hence  ^ith  long  bores  the  capability  of  thorough  con- 
sumption of  large  charges  with  moderate  pressures  resulting,  and  with 
high  initial  velocities,  are  within  our  reach.  It  is,  therefore,  surmised 
that  the  practical  points  sought  to  be  gained  by  the  multicharge  gun- 
system  of  Lyrajin  are  i>robably  secured  by  the  introduction  pf  a  chamber 
larger  than  the  bore,  and  in  the  simplest  and  most  practical  form. 

The  details  of  the  Armstrong  8-incli  rifle  show  a  chamber  of  the  same 
form  a«  that  proposed  in  this  ca*se.  The  length  is  4.78  calibers,  and  the 
diameter  of  the  cylindrical  part  is  10,5  inches.  The  charge  is  95  pounds, 
and  weight  of  projectile  ISO  pounds.  The  calculation  is  to  secure  32.5 
cubic  inches  of  space  to  every  pound  of  powder,  and  the  dimensions  of 
the  chamber  have  been  determined  accordingly. 

A  length  of  bore  (proper)  of  21.22  calibers  it  is  intended  shall  insure 
a  volume  which  will  practically  utilize  the  entire  charge,  and  give  the 
maximum  velocity  practicallj-  attainable. 

From  analogy,  using  the  above  details,  the  features  of  the  chamber 
and  length  of  bore  in  the  proposed  4i-inch  rifle  have  been  deduced.  The 
weight  of  charge  in  both  cases  is  about  one-half  the  weight  of  the  pro- 
jectile, and  the  dimensions  of  the  chamber  of  the  4J-inch  regulated  to 
give  a  space  of  32.5  cubic  inches  to  each  pound  of  a  charge  of  17  pounds. 
(See  Plate  I.) 

In  order  to  insure  the  maximum  velocity  presumed  to  be  practically 
attainable,  the  gun  has  been  given  a  length  of  30  calibers  instead  of  26, 
as  used  by  Sir  William  Armstrong. 

In  this  connection  reference  may  be  had  to  the  results  recently  attained 
at  Sandy  Hook,  in  the  employment  of  comparatively  high  charges  of 
experimental  powders  used  in  the  standard  l^-inch  rifle.  The  ordinary 
charge  of  3J  pounds  of  powder  of  a  granulation  of  1,550  grains  per  pound 
and  density  of  1.755  gives  a  mean  average  of,  say,  1,300  feet  initial 
velocity,  with  a  mean  pressure  of  23,000  pounds ;  while  a  smaller  grained 
powder,  3,038  grains  per  pound,  but  greater  in  density  (1.778),  using 
7-pound  charges,  gives  a  mean  velocity  of,  say,  1,578  feet^  and  a  pressure 
of,  say,  27,500  pounds.    In  both  cases  the  projectile  weighs  25  pounds. 

It  is  evident  ixom  this  record  that  the  Mnd^  of  powders  employed 
will  constitute  important  factors  in  the  results,  and  that  proper  powders, 
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used  with  sufficient  length  of  bore  (even  without  the  use  of  chambers), 
will  largely  contribute  to  success  in  the  attainment  of  comparatively 
high  velocities,  attended  with  reasonable  and  safe  pressures. 

Attention  is  invited  to  the  a<5comi)anying  table,  prepared  by  Lieut. 
Charles  8.  Smith,  comparing  the  dimensions  of  the  Armstrong  muzzle- 
loading  8-inch  chambered  rifle  with  the  proposed  dimensions  for  the 
proposed  4J-inch  siege  rifle. 

The  accompanying  plates  show  the  gun  in  longitudinal  section  and  in 
elevation.  Plate  III  shows  a  modification  by  turning  down  the  chase 
to  diminish  the  weight.  This  latter  element  is  beyond  what  is  desir- 
'  able ;  but  it  is  not  seen  that  it  can  be  judiciously  reduced,  especially 
in  an  experimental  rifle,  without  incurring  some  possible  risk  as  to 
strength  for  all  the  purpioses  for  which  it  may  be  deemed  necessary  to 
use  it. 

Keference  may  be  here  made  to  the  fact  that  a  study  was  made  of 
our  present  4  J-inch  cast-iron  siege  rifle,  with  a  view  of  chambering  it 
for  the  proposed  tests ;  but  a  careful  examination  showed  that  it  would 
probably  be  too  light,  and  that  the  difference  between  cost  of  alteration 
and  a  new  gun  would  not  be  suflieient  to  justify  the  utilization  of  a  gun 
not  fully  meeting  the  requirements  of  the  situation. 
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Proposed  method  of  fabricating  steel  parts  for  4  J"  hreech-loQding  rifle.  Ex- 
tracts from  Lieutenant  C,  W,  Whipple's  rejwrt  on  the  character  ofplant^ 
capacity  oftcorl'Sy  d'c.j  of  the  '^Midvale  Steel  Worls,'^  Nicetotcnj  Pa. 

The  following  sketch  shows  the  finished  dimensions  of  the  different 
steel  parts  required  for  the  conversion  of  a  4J''  muzzle-loading  rifle  into 
a  breech-loading  chambered  rifle : 
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Breecli-receiver  (solid),  approximate  weight 1, 600 

Ring  1,  approximate  weignt 110 

Ring  2,  approximate  weight 80 

Trunnion-ring 3et6 

It  is  proposed  to  make  the  different  parts  as  follows : 
The  breech-receiver  would  be  forged  without  difficulty  from  about  a 
24-inch  ingot,  hammered  to  the  shai)e  and  dimensions  shown  in  the  fol- 
lowing sketch.  Six  inches  would  be  added  to  the  length,  however,  to 
furnish  specimens  for  test.  The  ingot  would  then  be  rougli  turned  and 
bored,  and  tempered  in  oil. 
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Rings  1  and  2. — ^Were  these  to  be  ma4e  in  numbers  sufficient  to  warrant 
the  alteration  in  the  roUs^  that  method  would  be  employed  in  their  con- 
struction which  is  used  in  rolling  ''  tires.''  Consequently  a  description 
of  ^ii&  method  is  giveni 


Four  rolls  are  made  to  revolve  about  vertical  axes.  A  is  called  the 
"  main  roll,''  and  is  the  one  which  shapes  the  flange  upon  the  tire.  It  has 
no  movement  except  that  of  rotation.  B  is  the  "pressure-roll,"  which 
is  attached  to  the  piston  of  a  hydraulic  press  and  serves  to  force  the  tire 
against  the  "main-roU."  C  and  D  are  the  "guide-rolls,''  which  keep  the 
tire  round  and  prevent  it  from  "buckling."  These  latter  can  be  moved 
to  or  from  ea€h  other  by  means  of  gearing. 

A  square  ingot  of  the  proper  weight,  and  with  its  edges  rounded,  is 
first  flattened  under  the  hammer  to  the  proper  thickness,  and  a  hole 
punched  through  the  center  of  it ;  after  being  raised  in  a  fUmace  to  a 
red  heat  it  is  taken  out  and  slipped  over  the  "pressure-roll."  One  work- 
man, who  stands  by  the  lever  controlling  the  hydraulic  press,  signals  to 
the  engineer  on  the  floor  beneath  to  start  the  rolls,  and  regulates  the 
"  pressure-roll " ;  another,  standing  just  in  rear  of  the  "  main-roll,"  moves, 
by  means  of  a  screw,  the  friction-rolls  gradually  apart  as  the  tire  enlarges ; 
while  a  third  workman,  from  time  to  time,  gauges  the  exterior  diaAeter 
with  an  iron  bar. 

Tires  are  made  in  sets  of  four,  and  are  guaranteed  not  to  differ  from 
each  other  in  outer  circumference  more  than  ^  of  an  inch.  Alter  being^ 
rolled  they  are  bored,  but  as  it  is  ordinarily  prescribed  that  no  met$d 
shall  be  turned  off  from  the  outside,  the  operation  of  rolling  so  as  to  keep 
within  the  prescribed  limits  is  a  nice  one. 

As  it  happens  that  no  rolls  of  the  proper  size  are  on  hand,  the  following 
process,  often  employed,  would  be  used  in  making  rings  1  and  2. 

The  ingot  would  be  flattened  and  punched,  as  described  above.  The 
ring  thus  formed  would  be  placed  on  the  horn  of  an  anvil  and  beaten 
out  to  the  proper  size.  The  hammer  used  for  this  work  is  automatic, 
and  strikes  at  the  rate  of  thirty  or  forty  blows  a  minute,  and  there  is  an 
automatic  attachment  for  slightly  shifting  the  ring  upon  the  anvU  after 
each  blow.  These  rings  can  be  so  furnished  that  not  more  than  i  to  -j^ 
of  an  inch  will  have  to  be  taken  off  in  finishing. 


84 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Trunni4)n'nnff, — ^The  shape  of  the  ring  prevents  its  being  rolled  or 
hammered  out  on  the  aiivil.    It  is  proposed  to  make  it  as  follows : 


c — 32."—-^—*; 


A  square  ingot  with  rounded  edges  will  be  flattened  to  a  thickness  of 
11  inches,  and  then  shai)ed  as  shown  in  above  sketch,  not  by  hammering, 
but  by  cutting  away  the  surplus  metal.  A  hole  will  then  be  punched 
through  the  center,  with  a  diameter  almost  as  large  as  the  required 
'diameter.  It  will  tnen  be  moderately  hammered  on  its  eight  faces,  and 
the  rest  of  the  work  must  be  done  in  the  lathe. 

The  plant  of  the  Midvale  Steel  Works  consists  of  one  large  converting 
ftirnace,  not  now  in  use;  a  large  crucible  furnace,  used  to  a  limited  extent 
for  the  production  of  small  ingots ;  a  small  Pausard  gas-furnace ;  and 
two  Martin-Siemens  furnaces.  Of  the  latter,  the  smaller  has  a  nominal 
capacity  of  5  tons,  or  15  tons  in  24  hours,  but  a  single  casting  can  be 
obtained  from  it  of  0  tons  weight ;  the  capacity  of  the  larger  furnace, 
which  has  recently  been  built,  is  stated  to  be  about  30,000  pounds. 

All  of  the  hammers  at  the  works  are  double  action;  the  heaviest 
weiffhs  7  tons. 

The  tempering  process,  as  applied  to  ingots  suitable  for  gun  construc- 
tions, consists  in  heating  the  hammered  and  rough-flnished  ingot  to  a 
temperature  varying  between  dull  and  bright  cherry  heat,  and  then 
plunging  it  into  the  oil  bath ;  finally,  when  the  inside  of  the  ingot,  after 
being  removed  from  the  bath,  shows  a  dull  red  heat  only  discernable  in 
a  darkened  room,  it  is  placed  in  a  furnace  of  about  the  same  temperature 
^nd  allowed  slowly  to  cool.  The  ingot  is  not  subjected  to  this  process 
with  the  intention  of  strengthening  or  toughening  it,  but  solely  for  the 
purpose  of  securing  more  uniformity  in  its  structure. 
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APPENDIX  H'. 

REPORT    ON   EXPERIMENTAL    CANXON   POWDERS,  CAPT.    C.    S.    SMITH, 

ORDNANCE  DEPARTMENT. 

.  (One  plate.) 

EXPERIMENTAL  CANNON  POWDERS. 

With  a  view  to  the  improvement  of  powders  for  cannon,  and  of  ascer- 
taining the  most  suitable  density,  form,  and  size  of  grain  for  each  exist- 
ing service  caliber,  various  experimental  powders  have  been  procured, 
from  time  to  time,  and  tested  at  the  Sandy  Hook  proving-ground. 

The  following  is  a  brief  description,  as  regards  their  nature,  mode  of 
fabrication,  and  ballistic  properties,  of  such  experimental  powders. 

Hexagonal  Powders. — ^A  powder  of  this  class  having  given  excellent 
results  in  the  trial  and  proof  of  the  8-inch  experimental  rifles,  it  was 
adopted  for  the  service  8-inch  rifles.  A  description  of  the  powder  is 
given  in  the  Report  of  the  Ordnance  Board  on  the  trial  of  8-inch  rifle 
converted,  No.  1,  and  published  in  the  Report  of  the  Chief  of  Ordnance 
for  1875.  It  is  a  molded  powder  of  the  form  shown  in  the  plate.  Fig. 
2,  and  for  the  service  8-inch  rifles  has  a  density  of  1.75 ;  the  granula- 
tion, or  number  of  granules  to  the  pound,  being  72, 

The  average  residts  obtained  with  this  powder  are  as  follows  5 


Nature  of  gun. 


Kind  of  po-wcler. 


8-iiieh  rifle,  convertei 


I  Hexagonal  (E.  V.  type). 
,      staiidard. 


«M 

•-  «5 

0       . 

^S 

"5?^ 

f1 

&ia 

«.'=* 

^^ 

^k 

Lbs. 

Lbs. 

35 

1 

180 

Feet. 
1,344 


Lbs. 
29,775 


The  experimental  hexagonal  powders  manufactured  for  the  10, 11,  and 
12  25  inch  rifles  were  of  coarser  granulation  and  of  higher  density  than 
the  above,  but  were  identical  as  to  form  and  mode  of  fabrication. 

These  powders  were  as  follows: 


3^.  p.  hexagonal  powder 
H.  R.  hexagonal  powder 
H.  S.  hexagonal  powder 
I.  Gr.  hexagonal  powder 
!•  H.  hexagonal  powder 


1.785 

1.780 

1.80 

1.77 

1.80 


67 
50 
50 
40 
40 
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The  mean  results  obtained  with  the  F.  P.  powders  with  the  diflferent 
calibers  are  as  follows : 


Nature  of  gan. 


8-inch  rifle  .... 

lO-inoh  rifle  . . . 

ll-inoh  rifle  ... 
12.25-inch  rifle. 


{ 


Kind  of  powder. 


Hexasonal  F.  P.  type. 
......do 

....:. do 

do ». 

do 


Lbt. 
35 
70 


*»'? 
i>  a. 

Lbt. 

160 
400 


Feet. 
1,337 
1,388 
80    <    1,430 


70 
115 


604 
700 


1,275 
1.485 


Lbt. 

20.714 
22,022 
23,833 
35.000 
33,500 


The  H.  R.  and  H.  S.  powders  have  been  tried  only  in  the  11-inch 
rifle.  The  results  obtained  were  not  as  satisfactory  as  were  to  be 
expected,  and  it  was  thought  that  they  were  largely  influenced  by  the 
existing  atmospheric  conditions  at  the  time  of  trial. 


Nature  of  i?un.                                 Kind  of  powder. 

1 

o  . 

-0 

^1 

0 

1 

Lbt. 
70 
73 

Lbt. 
505 
505 

Fett. 

1,294 

1.318 

Lbt. 

35.000 

34,000 

The  firing  of  the  F.  P.  powder  in  this  rifle  took  place  at  the  same  time 
as  the  above,  and  it  will  be  observed  how  inferior  are  the  results  to  those 
obtained  with  the  same  powder  in  the  10  and  12.25-inch  rifles.  The 
charge  with  H.  S.  powder  could  probably  have  been  increased  to  80 
pounds,  but  the  sample  was  exhausted  before  this  weight  could  be  tried. 

The  1.  G.  and  I.  H.  x>owders  have  but  just  been  received  and  have  not 
as  yet  been  tested. 

A  hexagonal  powder  (I.  C.)  of  granulation  72,  and  density  1.70,  was 
ordered  expressly  for  the  3.17-inch  chambered  rifle.  The  results  obtained, 
though  fair,  were  not  so  satisfactory  as  those  obtained  with  another 
powder  (see  further  on). 

The  mean  results  obtained  with  I.  C.  powder  are  as  follows : 


Nature  of  gun. 


Kind  of  powder. 


Weight  of 

charge. 


Weight  of 
projectile. 


3.17'inch  rifle,  chambered. . .    I.  C.  hexagonal  . ... , 


Lbt.     Ozt.  I  Lbt.     Ozi. 

5        7i  .      10  8 


Velocity  at 
81  feet. 


1,881 


Prort«urt». 


23,000 


SPHERO-HEXAaONAL   PO\\T)ERS. 

These  are  molded  powders,  the  grains  differing  from  the  ordinary 
hexagonal  powder  by  being  formed  of  two  hemispheres,  instead  of  two 
pyramidal  frustums  united  upon  a  hexagonal  zone  or  base  (Fig.  3).  It 
was  thought  that  the  nearly'  spherical  form  of  the  grains  would  insure 
very  uniform  results. 

The  granulation  was  the  same  for  all,  viz,  123  to  the  pound,  but  the 
density  varied  as  follows : 

Density. 

H.  A 1.75 

H.  B 1.73 

H.  C 1.72 
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These  powders  were  tested  in  the  S-ioch  rifle  converted  in  1876;  the 
best  resists  being  obtained  with  H.  A.,  as  follows: 


^ 

Nature  of  gnn. 

• 

Kind  of  powder. 

•5  . 

Weight  of 
projectile. 

Velocity. 

1 

S-inch  xiDcu  ooDTerted  ,,,,■,-.,  ...... -....r 

H.  A.  spheio-hexagonal. . . 

Lbt. 
35 

Lbt. 

lao 

Feet. 
1,428 

Lbt. 

82,875 

Contrary  to  expectation,  the  results  obtained  with  the  H.  B.  and  H  C. 
l>owders,  which  from  their  lower  densities  should  be  quicker-burning 
XM)wders,  were  much  inferior  to  the  above,  as  regards  both  pressure  and 
velocity.  A  sphero-hexagonal  powder,  I.  B.,  of  density  1.728.  and  granu- 
lation 123,  was  employed  in  the  recent  experiments  with  tne  3.17-inch 
chambered  rifle  (see  report  of  the  Ordnance  Board  on  trial  of  3.17-inch 
rifle),  and  with  excellent  results. 

The  following  is  a  mean  summary  with  the  maximum  charge  em- 
ployed : 


Nature  of  gun. 

Kind  of  powder. 

Weight  of 
charge. 

Weight  of    Initial  re- 
projectile.        locity. 

1 

Pressure. 

3. 17-inch  chambered  rifle . . 

I.  B.  sphero-hexagonal . . 

1 

Ut.  ■  Ou. 
5        13 

Ut. 

10 

Ou.  \ 

8             2.026 

30,000 

The  amount  of  air-space  allowed  in  the  chamber  with  the  above  charge 
was  about  32  cubic  inches  per  pound  of  powder. 

SQUARE   POWDERS. 

The  grain  is  formed  of  two  quadrangular  pyramidal  frustums  united 
on  a  square  base  (Fig.  9).  The  side  of  this  base  is  about  1.25  inches, 
and  the  thickness  of  the  grain  1.30  inches. 

These  powders  were  intended  as  experimental  powders  for  large  cali- 
bers, and  were  made  of  three  dift'erent  densities,  but  of  the  same  granu- 
lation, \iz : 

Granulation.  Density. 

G.  8 11  1.775 

G.T 11  1.760 

G.  W •. 11  1.715 

The  tests  were  made  in  the  11-inch  rifle,  using  as  high  as  85  pounds  of 
G.  S.,  with  a  505-pound  projectile.  The  results  demonstrated  that  the 
density  of  the  G.  S.  was  too  high  for  the  granulation.  G.  W.  x)roved  too 
violent  owing  to  its  low  density,  even  with  the  moderate  charge  of  70 
l)ounds. 

The  results  obtained  with  G.  T.  were  as  follows : 


Xatiin»  of  pun. 


11-inch  rifle G.  T.,  siiuare 


Lbt.    I    Lbs.    !   Feet. 
70  I        SO.'S  !    1,245 
73  60o  ,     1,314 


31,500 
33,000 
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These  results,  thongh  only  fair^  yet  indicate  that  the  charge  might 
safely  be  increased  to  ^  pounds,  with  the  promise  of  much  better  results ; 
since  for  an  increase  of  5  pounds,  i.  e.,  from  70  to  75,  the  velocity  has 
been  increased  71  feet,  while  the  pressure,  on  the  other  hand,  has  nin 
up  only  1,500  pounds. 

SCHAGHTICOKE  POLYHEDRAL  POWDER. 

This  powder  (Fig.  8.)  is  thus  described  by  Commander  Marvin,  U.  S.  N. : 

It  18  graniilatectfrom  properly  compressed  ordinary  press-cake  iu  the  following  way  : 
The  cake  is  placed  on  a  movable  table  or  form,  whieii  is  made  to  pass  between  two 
pairs  of  rollers.  A  set  or  comb  of  8tationai*y  cutters  meets  the  cake  on  its  passage  and 
marks  a  series  of  grooves  on  its  surface.  By  turning  the  cake  half-way  around,  it  is 
marked  out  into  squares  on  a  second  passage.  This  process  applied  to  the  reverse  face 
gives  it  a  similar  character,  and  determines  the  planes  of  ^acture  along  which  the 
cake  will  break  up  to  form  the  grains. 

As  tested  in  the  8-inch  rifle  in  the  1876  (see  Eeport  of  the  Chief  of  Ord- 
nance for  1877)  the  following  results  were  obtained ;  the  density  of  the 
powder  being  1.784  and  the  granulation  74 : 


1 

Nature  of  gDii.                  ;                Kind  of  powder. 

1^ 

• 

1 
> 

• 

g-inchrifle 

Polyhedral.    Laflin  &  Rand 

Lb9. 
35 

Lbs. 
180 

Feet 
1,360 

Lbs. 
87,500 

HAZAKD'S  CUBICAL  POWDER. 

This  powder  is  of  a  regular  cubical  grain  (Fig.  7),  being  formed  by 
cutting  the  pi*ess-cake  in  two  directions  at  right  angles  to  each  other 
by  means  of  saws.  A  sample  was  tested  in  the  8-inch  rifle  in  1876  (see 
Eeport  of  the  Chief  of  Ordnance  for  1876  and  1877),  with  the  following 
results : 


Nature  of 

gtin. 

Kind  of 

powder. 

U 

Lbs., 

la 

II 
Lbs. 

Velocity. 

1 

Feet. 

Us. 

8-inch  rifle 

Hazard' 

H  cubical. 

D-1. 765. 

G= 

=56. 

3& 

176 

1,446 

46.  .500 

9-mch  rifle 

....    Hazard' 

8  cubical, 

D=l.  765. 

G= 

=56 

40 

229 

1,436 

24, 750 

As  tested  in  the  11-inch  rifle,  this  powder  proved  "high,"  a  pressure 
of  28,000  pounds  resulting  with  a  charge  of  only  50  pounds. 

ENGLISH  PEBBLE  POWDER. 

The  very  much  cheaper  production  of  pebble  powder,  as  compared 
with  molded  powders,  as  well  as  the  good  results  obtained  with  this 
powder  in  England,  in  guns  of  large  caliber,  led  to  the  trial  of  this  i>owder 
in  1877.    (See  Eeport  of  the  Chief  of  Ordnance  for  1877.) 

The  powder  employed  was  obtained  from  Pigou,  Welks  &  Laurence, 
London,  and  consisted  of  three  samples,  of  the  same  granulation,  viz, 
140  to  the  pound,  but  of  different  densities,  namely,  1.736, 1.749,  and 
1.756.    The  results  were  not  very  satisfactory,  the  pressures  being  high. 
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The  best  result  was  obtained  with  the  highest  density,  which  for  a  35- 
X)oand  charge  and  180*poand  projectile  gave  1,377  feet  velocity  and 
38,333  pounds  pressure. 

Pebble  i)owder  is  formed  by  cutting  the  press-cake  in  two  directions 
at  right  angles,  by  means  of  rollers  having  straight  cutting  edges 
arranged  along  their  surfaces ;  the  sharp  edges  and  angles  being  removed 
in  the  subsequent  process  of  glazing.  With  a  coarse  granulation,  the 
general  form  of  the  grain  is  cubical,  but  "mth  the  granulation  given 

above  it  is  very  similar  to  mammoth  powder. 

* 

PROGRESSIVE  POWDER. 

(Figs.  4,  5,  6.) 

The  excellent  results  obtained  in  Italy  with  what  was  termed  "  progress- 
ive powder" — a  compound  powder  made  up  by  pressing  together  a 
powder  of  high,  with  a  powder  of  low  density — suggested  the  advisa- 
bility of  making  trials  of  similar  powders  in  some  of  the  larger  calibers  at 
Sandy  Hook.  The  Messrs.  Du  Pont  were  accordingly  directed  to  manu- 
facture three  samples  of  five  barrels  each,  after  the  following  instruc- 
tions : 

Ist.  Make  a  graiu  powder  with  grains  varyiug  in  size  (irregular  In  shape)  firom  0.3- 
incli  to  0.6-incn. 

2d.  Mix  these  grains  with  mealed  powder  in  the  proportion  of  60  per  cent,  of  grain 
to  40  per  cent,  of  mealed  powder,  and  press  the  mass  into  cakes,  which  should  have  » 
density  of  ahout  1.75 ;  the  cakes  being  of  two  thicknesses,  the  thinner  of  ordinary 
mammoth  powder  size. 

3d.  Break  the  thinner  cakes  into  irregular  grains  of  the  same  size  as  service  mam- 
moth powder,  and  the  thick  cakes  into  cubes,  or  axiproximate  shapes  thereto,  whose 
edges  shall  be  respectively  1  inch  and  1^  inches. 

In  explanation  of  the  above,  the  following  remarks  were  added  in 
regard  to  the  mode  of  fabrication,  action  of  powder  in  the  gun,  &c. : 

Aft«r  passing  through  the  first  stage  of  manufacture,  and  being  brought  to  the  con- 
dition of  mealed  powder,  it  is  pressed  into  cakes  which  have  a  density  of  1.79 ;  the 
cake  is  broken  up  into  irregular  grains  of  from  0.3-inch  to  0.6-inch  in  thickness,  as 
stated  above,  which  are  not  to  be  glazed.  These  grains  are  mixed  with  40  per  cent, 
of  mealed  powder,  taken  from  the  same  working  as  that  from  which  the  ^ains  them- 
selves are  made,  and  the  whole  mass  pressed  into  a  cake  having  a  less  aensity  than 
the  original  small  grains,  say  1.75.    The  cake  is  then  granulated  as  above  prescribed. 

Each  grain  of  the  resulting  powder  is  thus  a  conglomerate  grain,  consisting  of  one 
or  more  small  grains  of  very  dense  powder  imbedded  in  a  mass  of  less  density,  the 
mean  density  being  1.75. 

The  theory  of  the  combustion  of  this  powder  is  that  the  powder  of  less  density  being 
more  quickly  consumed,  the  whole  charge  breaks  up  into  a  much  greater  number  of 
smaller  grains,  thereby  exposing  a  greatly  increased  surface  to  the  action  of  the  flame. 

In  using  this  powder  that  size  of  the  regular-shaped  grains  is  em- 
ployed most  suitable  to  the  caliber  of  the  gun,  and  is  mixed  with  a  cer- 
tain proportion,  to  be  determined  by  experiment,  of  the  powder  of  irreg- 
ular or  mammoth  grain. 

The  above  samples  have  been  received  at  the  proving-ground,  but 
have  not  as  yet  been  tested. 

POWDERS  FOB  4.5-INCH  SIEOE  EIFLE. 

In  order  to  increase  to  a  more  adequate  degree  the  power  of  this  piece ; 
it  was  desired  to  procure  a  powder  which  should  admit  of  using  a  charge 
of  from  7  to  8  pounds,  with  a  projectile  of  from  32.5  to  35  pounds,  with- 
out overstraining  the  walls  of  the  gun. 
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A  nomber  of  x>owders  were  procured  from  tbe  Messrs.  Du  Pont  and 
*  tried  by  the  Ordnance  Board.    These  powders  were  all  of  irregular 
granulation,  but  diiSered  as  to  size  of  grain  and  density. 
The  best  results  obtained  were  as  follows : 


Nature  of  gnn. 


4.5-lnch  siege  riflo. 


,...< 


Kind  of  powder. 


H.  D.,  No.  3;  doMity,  1.778; 

gran.,  1,256. 
H.  D.,  No.  4;  deoBitf,  L776; 

gran.,  3,038. 


Weight  of 
charge. 

Lbt. 
7 

0«. 

8 

{  ? 

-si 


M 


9' 
> 


Lb9. 


25 

25 
3d 


FMt. 
1,530 

1,578 
1,411 


Lbt. 
36,000 

27,750 
31,000 


With  a  view  to  employing  a  chamber  in  a  rifle  of  4.5-inch  caliber,  some 
experiments  were  conduct^  with  cartridges  of  reduced  diameter  in  the 
service  4.5-inch  rifle,  in  order  to  ascertain  the  effect  of  an  increased  air- 
space in  the  portion  of  the  bore  occupied  by  the  charge. 

The  i>owder  employed  in  these  experiments  was  of  irregular  grain ; 
density,  1.778 ;  granulation,  950. 

With  this  powder,  although  the  charge  wAs  gradually  increased  up  to 
10  pounds  without  incurring  any  excessive  pressures,  no  useful  effect 
was  obtained  beyond  8  pounds,  owing  probaoly  to  the  great  length  of 
the  cartridge.  With  that  charge  and  a  25-pound  projectile  the  velocity 
was  1,528  feet;  the  pressure,  2f,000  x)ounds. 

POWDERS  FOR   THE  3-INCH   AND  3.5-INCn  FIELD   RIFLES. 

The  powders  procured  for  trial  with  these  guns  were  obtained  from 
the  Messrs.  Du  Pont.  They  were  of  irregular  granulation,  and  differed 
fix)m  each  other  chiefly  in  regard  to  size  of  grain.  No  verj^  satisfactory 
results  have  so  far  been  obtained  with  the  3.5-inch  rifle,  but  excellent 
results  have  been  obtained  from  the  3-inch  rifle,  as  shown  by  the  firing 
records  of  the  3-inch  breech-loading  rifle.  (See  Keport  of  the  Ordnance 
Board  on  the  trial  of  this  gun.)  A  mean  of  four  rounds  with  the  maxi- 
mum charge  employed  is  as  follows : 


Nature  of  j^uu. 


Kind  ot  powder. 


3-izich  breech-loading  rifle 


I.  A.,  density,  1.75;  gran.,  2,200. 


bib 


Lbi. 


^«  «-* 

• 

m2 

Veloc 

Lb€. 

Feet    ' 

10.5 

1,542 

Lbt.  ' 
30, 333 


The  size  of  the  grains  of  the  above  powder  is  shown  on  the  plate, 
(Fig.  1.) 

The  experiments  with  powders  are  yet  in  progress ;  and  from  the  suc- 
cess already  obtained,  it  is  hoped  that" they  will  soon  be  so  far  completed 
as  to  have  secured  for  the  different  calibers,  if  not  the  most  satisfactory 
powders,  at  least  powders  which  shall  possess  a  great  superiority  over 
those  in  iireseut  use,  as  regards  velocities  and  i^ressiu^es. 
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GUNPOWDER. 

* 

Gunpowder  is  the  agent  employed  in  modern  warfare  to  propel 
projectiles  from  all  guns  and  small-arms,  and  generally  as  the  bursting- 
charge  of  projectiles  5  for  the  explosion  of  mines ;  blasting  purposes,  &c., 
It  is  a  mechanical  mixture  giving  light,  heat,  and  gas  in  the  com- 
bustion or  chemical  union  of  its  ingredients. 

Explosion  is  a  phenomenon  arising  from  the  sudden  enlargement  of 
the  volume  of  a  body ;  Jis  in  the  case  of  gunpowder,  the  solid  body  is 
rapidly  converted  into  a  gas  many  times  its  volume.  If  the  body  is  con- 
fined in  a  limited  space  and  exploded,  great  heat  is  developed  and  a 
vast  expansion  or  proi)elling  force  produced,  the  volume  of  gas  being 
many  times  greater  than  that  of  the  powder. 

In  the  United  States  service,  guni>owder  is  obtained  from  private 
manufacturers.  It  is  distinguished  by  granulation,  irregular,  as  mm- 
Jcet,  mortar,  cannon  and  mammoth;  regular,  as  cuhicalj  and  the  molded  pow- 
ders, i.  e.,  pellet,  hexagonal,  ^md prismatic  (perforated  hexagonal  prisms). 
In  all  of  these,  the  proportion  of  the  ingredients  are  the  same ;  they  differ 
only  in  the  size  and  shape  of  grain,  density  and  details  of  manufacture. 

Musket  powder  is  used  for  small-arms ;  mortar  for  field-guns ;  cannon 
for  light  siege-guns,  and  the  larger-grained  and  special  powders  for 
heavy  sea-coast  gims. 

Note.— Special  poTi-dei's  are  now  being  experimented  with  for  both  field  and  siege 
guns. 

MATERIALS. 

The  materials  required  are  potassium  nitrate  (niter),  charcoal  and 
sulpliur.  They  should  be  of  the  greatest  possible  purity  to  insure  ex- 
cellence of  quality,  and  guard  against  accidents  in  manufacture.  The 
proportions  by  weight  of  the  ingredients  used  in  the  United  States  seiT- 
ice  powder  are,  {76  nitre;  }u  charcoal;  10  sulphur. 

It  is  essential  to  the  successful  and  uniform  manufacture  of  powder 
that  the  ingredients  should  be  procured  in  their  rough  state,  and  be 
refined  and  prepared  for  use  at  the  ftietory  ;  this  is  also  necessary  as  a 
security  against  accidents  at  the  mills.  All  foreign  matter  must  be 
carefully  excluded,  and  every  precaution  taken  against  their  introduc- 
tion in  handling  and  moving  the  refined  materials. 

SALTPETER. 

Saltpeter  {niter,  potassium  nitrate)  is' composed  of  53.45  nitric  acid,  and 
46.55  of  potassa ;  crystallizes  in  transparent,  colorless,  six-sided  prisms ; 
has  a  cooling,  saline,  and  slightly  bitter  taste ;  deflagrates  violently  on 
burning  coals ;  inodorous  and  anhydrous,  not  deliquescent  in  common  air, 
but  is  so  in  an  atmosphere  saturated  with  moisture.  It  melts  at  about 
662°  into  an  oily-looking  liquid,  and  may  be  cast  into  molds ;  decom- 
poses at  716° ;  is  soluble  in  cold,  but  more  so  in  hot  water,  the  solubility 
increasing  with  the  temperature. 

100  parts  of  water  at  32o  dissolves  13.32  of  niter. 

100  parts  of  water  at  64.4o  dissolves  29.00  of  niter. 

100  parts  of  water  at  113^  dissolves  74.00  of  niter. 

100  parts  of  water  at  212o  dissolves  246.15  of  niter. 

Hence,  on  cooling,  a  hot  saturated  solution  deposits  the  greater  part 
of  the  salt  dissolved. 

Saltpeter  occurs  naturally  in  great  quantities,  as  an  efflorescence  on 
the  surface  of  the  earth,  in  many  of  the  warm  countries,  particularly  in 
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India,  where  there  is  sufficient  to  supply  the  wants  of  the  whole  world. 
It  also  occurs  as  a  saline  crust  in  caverns  in  some  parts  of  the  globe ; 
and  in  the  vicinity  of  Monclova,  Mexico,  it  is  found  in  great  purity  in 
veins  or  mines. 

It  exists  in  certain  plants,  and  is  formed  spontaneously  by  the  decom- 
position of  animal  and  vegetable  substances  when  mixed  with  substances 
containing  potash  and  kept  at  an  even  temi>erature  hi  moist  situations. 
On  this  principle  artificial  niter-beds  are  made,  from  which  large  quanti- 
ties of  niter  are  obtained,  in  France,  Germany,  Sweden,  Hungai'y,  &c. 
Saltpeter  obtained  from  any  of  these  sources  may  be  separated  from  the 
greater  part  of  the  foreign  salts  and  earthy  matter  by  lixiviation  with 
wood-ashes  and  evaporation.  The  nitrous  earth  of  India  yields  about 
one-fifth  of  its  weight  of  niter ;  that  of  the  niter-caves,  from  one  to  ten 
pounds  of  niter  to  the  bushel.  The  best  artificial  niter-beds  aiford  an- 
nually about  a  quai*ter  of  a  pound  of  niter  to  a  bushel  of  earth.  Most 
of  the  saltpeter  used  in  the  IJnited  States  for  the  manufe<5ture  of  gun- 
powder is  obtained  from  India,  whence  it  is  imported  in  a  crystallized 
state  called  crude  saltpeter^  containing  generally  from  15  to  18  i)er  cent, 
of  foreign  salts,  earths,  and  water. 

¥ 

TEST  OF  CRUDE  SALTPETER. 

The  process  of  testing  now  used  in  this  country,  as  well  as  in  England 
and  India,  is  that  of  analysis.  The  chlorides  that  the  cmde  saltpeter 
contains  are  precipitated  in  the  form  of  the  chloride  of  silver  by  adding 
the  nitrate  of  silver  to  the  solution  of  a  given  weight  of  the  sample  to 
be  tested.  The  sulphates  are  precipitated  in  the  form  of  the  stllphate  of 
baryta  by  adding  the  nitrate  of  barjta  to  the  solution  of  a  given  weight 
of  the  sample;  the  amount  of  these  impurities  can  now  be  calculated. 

MANXTFACTrRE  OF  GrNPOMT)ER. 

Beflning  saltpeter  is  for  the  purpose  of  removing  the  impurities  and 
all  earthy  matters  which  may  be  present,  and  is  effected  by  boiling 
and  skimming  the  grough  or  crude  saltpeter  in  large  open  boilers,  and 
afterward  drawing  off  the  liquor  and  filtering  it  through  canvas  bags. 
The  modii8  operandi  is  as  follows :  About  40  cwts.  of  saltpeter  in  its 
crude  state  is  put  into  an  open  copper  boiler  capable  of  containing  500 
gallons ;  about  270  gallons  of  water  is  added  to  this,  or  about  .60  of  wa- 
ter to  1  of  saltpeter ;  these  are  allowed  to  stand  all  night ;  in  the  morn- 
ing a  fire  is  hghted  under  the  boiler,  and  in  about  two  hours  afterward 
they  will  have  reached  a  temperature  of  300^  Fahr.  and  will  be  boiling 
freely. 

During  ebullition  by  constant  stirring,  the  light  matter,  containing 
many  impurities,  rises  to  the  surface,  and  is  skimmed  off  (a  little  dis- 
solved glue  will  facilitate  the  operation).  When  the  skum  ceases  to 
rise,  cold  water  is  freely  dashed  on  the  surface  of  the  boiling  liquid  to 
Ijrecipitate  the  chloride's  that  would  otherwise  be  retained  on  its  surface. 
After  Iwiling  until  the  solution  of  the  nitrous  salts  is  effected,  the  fire 
is  allowed  to  go  out ;  when  all  ebullition  has  ceased,  the  foreign  salts 
and  chlorides  being  the  heaviest,  are  precipitated.  The  boiler  is  pro- 
vided with  a  false  bottom  perforated  with  holes,  through  which  these 
impurities  pass  and  fall  to  the  bottom  of  the  boiler. 

In  about  an  hour  after  the  fire  has  been  extinguished,  the  temi)era- 
ture  Qf  the  solution  falls  to  about  220°  Fahr.  A  siphon  is  introduced, 
the  end  of  which  is  kept  about  1  inch  from  the  false  bottom  of  the  boiler, 
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SO  as  not  to  disturb  the  sediment.  The  liquor  is  drawn  off  by  the  si- 
phon into  a  trough,  the  bottom  of  which  is  fitted  with  four  or  five  gun- 
metal  taps,  communicating  with  suspended  Dowlas  canvas  filtering-bags, 
of  the  shape  of  an  inverted  cone.  If  crystals  form  on  the  filtering-bags, 
hot  water  is  poured  over  them  to  keep  the  canvas  open,  a  constant  sup- 
ply for  the  purpose  being  obtained  from  a  vessel  provided  with  a  flexi- 
ble pipe,  having  a.fi^nely -pierced  rose-head  placed  in  close  proximity  to 
the  filtering- trough.  When  all  the  liquor  has  passed  through  the  filter- 
ing-bags, it  is  run  to  a  cooler  about  12  feet  long  by  6  feet  wide  by  1 
foot  deep,  lined  with  sheet  copper,  and  placed  by  the  side  of  a  washing- 
vat. 

The  liquor  in  the  cooler  is  stirred  by  a  wooden  rake  until  the  tempera- 
ture is  reduced  to  about  180^  Fahr.,  at  which  temperatiu'e  the  mother- 
water  separates  from  the  saltpeter  held  in  solution ;  when  it  falls  below 
180O  a  large  number  of  very  minute  crystals  are  formed,  which  are  col- 
lected and  thrown  on  to  a  wii'e-cloth  drainer,  fixed  at  an  angle  imme- 
diately above  the  cooler,  that  the  strainings  may  nm  back  again  into  the 
cooler ;  the  saltpeter,  when  sufficiently  drained,  is  raked  into  the  wash- 
ing vat — also  furnished  with  a  false  bottom  of  fine  copper-wire  cloth. 

The  whole  charge  receives  three  washings ;  in  the  first  and  second,  pure 
water  is  freely  sprinkled  over  the  saltpeter  from  a  rose,  and  after  standing 
about  fifteen  minutes  the  liquor — being  very  rich  in  mother- water  and 
saltpeter — is  run  off  into  crystallizing  pans  by  a  tap  at  the  bottom  of  the 
washing-vat.  In  the  third  washing  the  vat  is  entirely  filled  with  cold 
water,  and  the  liquor,  after  standing  for  about  half  an  hour,  is  drawn  off; 
it  now  only  contains  a  small  quantity  of  salti>eter,  and  is  not  run  into 
the  crystallizing-pans,  but  collected  in  an  underground  tank  for  future 
use. 

The  saltpetre  obtained  by  the  above  process  is  an  almost  perfectly 
pure  white  salt.  It  is  placed  in  stone  bins  perforated  with  small  holes 
in  the  ends  and  sides,  where  it  is  allowed  to  drain.  The  saltpeter  con- 
tains from  7  to  12  per  cent,  of  water,  but  during  the  time  it  remains  in 
the  bins  about  6  or  7  per  cent,  is  drained  off.  It  is  now  fit  for  making 
gunpowder  if  used  immediately ;  but  if  required  for  storage  or  transport, 
it  is  better  to  evaporate  the  remaining  water,  which  is  done  by  drjring 
in  a  hot  chamber  in  the  following  manner  : 

The  saltpeter  is  sprea^l  out  about  2  inches  thick  on  shallow  trays  of 
sheet  copi>er,  and  placed  on  racks  in  a  hot  chamber  heated  to  about  260^ 
Fahr.,  by  a  flue  under  the  floor.  The  saltpeter  is  stirred  once  or  twice ; 
from  four  to  six  hours  is  sufficient  to  evaporate  the  remaining  moisture. 
It  is  taken  out  and  emptied  into  shallow  trays,  allowed  to  cool,  and  then 
put  into  barrels  and  stored. 

By  the  above  process  about  three-fourths  of  the  saltpeter  is  crystal- 
lized, the  remaining  portion  being  held  in  solution  by  the  mother- water 
that  remains.  T\Tien  this  has  cooled  to  within  7°  or  8^  of  the  tempera- 
ture of  the  atmosphere,  large  crystals  are  formed,  adhering  to  the  sides 
and  bottom  of  the  cooler,  and  are  collected  and  put  with  the  grough  into 
the  next  charge  of  the  boiler ;  the  mother-liquor  is  collected  and  pumped 
into  a  boiler  and  evaporated  to  a  fourth  of  its  original  quantity,  and 
drawn  oft'  by  a  siphon,  passed  through  filtering- bags,  and  collected  in  a 
receiver,  whence  it  is  run  into  copper  pans  of  thirty-six  gallons  each  and 
crystallized.  The  crystals  obtained  in  this  manner  are  pure,  but  contain 
Ccivities  of  mother- water;  it  is  found  best  to  use  them  in  the  next  charge 
as  grough. 

Over  the  sediment  in  the  bottom  of  the  evaporatingpan  hot  water  is 
poured,  the  whole  well  stirred  to  extract  any  saltpeter  that  may  remain ; 
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after  settling,  the  solution  is  drawn  off  and  passed  through  the  filtering- 
bags  previous  to  being  run  into  the  crystallizing-pans.  Should  the 
filtering-bags  become  clogged  by  impurities  they  are  removed  and 
placed  in  larger  bags  in  a  cleaning  apparatus,  where,  together  with  the 
bags  in  which  the  saltpeter  is  imported,  they  are  well  washed  in  hot 
water ;  this  water,  containing  a  small  percentage  of  niter,  is  also  col- 
lected in  the  mother-liquor  tank.  The  bag-cleanser  is  also  used  for  wash- 
ing the  skimmings  and  foreign  salts,  &c.;  the  residue  with  the  refuse 
from  the  evaporating-pans  is  sold  for  manure. 

The  watfer  from  the  various  washings  and  drainings  is  conveyed  to 
the  underground  tank,  pumped  into  the  copper  boiler,  and  is  used  in- 
stead of  pure  water  in  the  next  charge ;  as  it  contains  a  small  percent- 
age of  saltpeter,  a  less  quantity  of  grough  is  required. 

TeMs. — ^A  solution  is  tested  with  litmus  for  presence  of  an  acid  or 
alkali ;  with  a  solution  of  nitrate  of  silver  for  chlorides ;  with  a  solution 
of  chloride  of  barynm  for  sulphates ;  with  oxalate  of  ammonia  for  lime. 
In  ordinary  test  the  second  is  the  only  one  used,  and  for  chloride  of 
sodium. 

Sulphur. — Sulphur  is  never  found  pure,  but  mixed  with  earths,  and 
often  with  various  salts.  It  is  found  in  the  vicinity  of  volcanoes,  large 
quantities  being  imported  from  Sicily ;  it  is  often  found  with  metallic 
ores,  as  copper,  iron.  &c. 

Sulphur  is  unfit  ror  use  in  a  crude  state ;  it  requires  to  be  refined. 
This  is  done  by  subliming  and  distilling. 

By  melting,  aU  earthy  matters  are  left  at  the  bottom  of  the  retort  in 
which  the  melting  is  done,  the  pure  sulphur,  as  vapor,  passes  upward, 
and  is  sublimed  and  distilled  by  condensation  at  two  distinct  periods  of 
its  temperature. 

A  thick,  large,  round  cast-iron  melting-pot  or  retort  is  used,  built  in 
brick- work  with  a  furnace  below.  The  retort  has  a  movable  lid,  the 
joint  being  made  air-tight  by  clay ;  the  lid  is  sufficiently  large  to  admit 
a  man  for  cleaning  out  the  pot.  In  the  lid  is  fitted  a  4-inch  plug,  tapered 
for  the  purpose  of  charging  the  retort.  !Near  the  top  of  the  retort  two 
pipes  branch  at  right  angles,  each  fitted  with  a  sluice-valve  at  the  end 
nearest  the  retort;  one  of  these,  the  subliming-pipe,  from  12"  to  14" 
in  diameter,  rising  at  an  elevation  of  35^,  is  used  to  conduct  the  vapor 
from  the  retort  to  the  subliming-chamber  situated  at  a  distance  of  about 
15  feet  from  the  retort.  The  chamber  is  12  feet  in  height  by  10  feet  in 
diameter  at  the  base,  dome-shaped,  lined  with  flag-stones,  the  floor 
covered  with  sheet-lead.  Near  the  bottom  are  two  doors,  the  inner  of 
iron,  the  outer  of  wood,  air-tight,  and  lined  with  sheet-lead.  Through 
the  bottom  of  these  doors  is  a  small  tube  leading  to  a  cistern  of  water, 
which  takes  up  the  sulphuric  acid.  The  outer  pipe,  ftt)m  7  to  8  inches 
in  diameter  and  8  feet  long,  is  used  in  conveying  off  the  vapor  at  a 
higher  temperature  than  required  for  subliming ;  this  inclines  downward 
at  an  angle  of  2iP  delivering  the  vapor  to  a  receiving-tank  inclosed  in 
an  outer  jacket ;  cold  water  from  a  cistern  circulates  through  them, 
through  the  annular  space  about  1.05  inches  in  width.  The  water  enters 
the  jackets  at  their  lowest  points,  and  passes  oft*  at  their  highest,  near 
the  retort. 

The  receiving-tank  fitted  with  a  movable  lid  somewhat  similarly 
arranged  to  that  of  the  retort,  has  a  i)lugged  hole  in  the  center,  through 
which  a  rod  is  introduced  for  gauging  its  contents.  A  small  pipe  fitted 
to  the  top  of  this  tank  conducts  any  non-condensed  vapor  to  a  chamber 
where  the  "  flowers  "  are  precipitated.  This  chamber  is  occasionally  cleaned 
out  by  a  small  door.  A  discharge-valve  is  fixed  to  the  bottom  of  the 
receiving-tank  for  drawing  off  the  sulphur  into  molds. 
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About  6J  cwts.  of  crude  sulphur  are  put  into  the  retort,  the  sluice- 
valve  on  the  suWiming-pipe  and  the  plug  in  the  retort-lid  left  ojien,  the 
filuice- valve  on  the  di8tilling-i)ipe  closed,  a  slow  fire  applied  under  the 
retwt;  in  two  or  three  hours  the  raw  material  is  melted  down. 

At  170O  Fahr.,  evaporation  commences;  at  about  200°  Fahr.,  melting 
begins;  239^  Fahr.,  the  sulphur  is  perfectly  fluid;  and  at  5&P  Fahr.,  it 
is  ready  for  distillation.  So  soon  as  the  melting  begins,  a  pale  yellow 
vapor  arises;  the  plug  is  inserted  in  the  lid  of  the  retort,  the  vapor 
passes  to  the  dome  of  the  subliming-chamber  near  the  top,  and  falls  in 
a  shower  of  very  flue  condenseii  particles  termed  **  flowers  of  sulphur." 

After  two  or  three  hours,  as  the  heat  increases,  the  vapor  in  the  retort 
becomes  a  deep  reddish-brown  color,  when  the  sluice-valve  on  the  sub- 
liming-pipe  is  closed,  and  that  on  the  pipe  leading  to  the  distilling-tank 
opened,  the  cold  water  constantly  circulating  through  the  jacket  of  this 
pix>e  and  also  of  the  receiving-tank  keeps  them  cool,  the  vapor  rises  from 
the  retort  and  passes  along  the  pipe,  becomes  condensed,  and  runs  into 
the  tank  bejow,  a  thick  yellow  fluid.  When  nearly  all  is  distilled 
(which  is  ascertained  by  gauging  the  depth  of  the  liquid  sulphur  in  the 
tank),  the  sluice-valve  on  the  distilling-pipe  is  shut,  the  fluid  in  the  re- 
ceiving-tank allowed  to  cool  for  an  hour  or  two,  when  it  is  run  off  by  the 
valve  to  molds,  and  allowed  to'cool  and  solidify.  These  molds  are  used 
wet,  otherwise  the  sulphur  will  adhere  on  solidifying.  When  cold,  the  re* 
fined  sulphur,  broken  into  lumps,  is  ready  for  use.  The  vapor  remain- 
ing in  the  retorts  passes  into  the  dome  of  the  subliming-chamber,  wh'ere 
it  is  evaporated  as  "flowers."  The  earthy  matter  in  the  retort  is  after- 
ward cleaned  out. 

The  *^  flowers"  of  sulphur  are  unfit  for  making  gunpowder,  on  account 
of  the  acid  they  contain,  unless  required  for  fireworks  or -com position. 
T?hey  are  returned  to  the  melting-pot  with  a  fresh  charge.  The  crystal- 
line, or  distilled  sulphur,  only  is  used  in  making  gunpowder. 

To  test  sulphur,  burn  a  small  quantity  on  white  porcelain ;  if  fit  for  the 
manufacture  of  gunpowder,  there  should  be  not  more  than  0.25  per  cent, 
of  residue,  or,  dissolved  in  boiling  distilled  water,  blue  litmus  pai)er  should 
but  slightly  redden. 

Charcoal — Charcoal,  the  residue  after  wood  has  been  charred,  as  an 
ingredient  of  gunpowder,  is  next  in  importance  to  saltpeter.  When  uni- 
fi)rmity  in  quality  of  gunpowder  is  required,  great  care  must  be  exer- 
cised in  its  prei)aration,  for  the  chemical  composition  of  charcoal — i.  «., 
the  percentage  of  carbon  contained  therein — will  aflfect  the  quality  of  the 
gunpowder  to  a  considerable  degree;  therefore,  extreme  care  has  to  be 
exercised  in  charring  the  wood.  Gunpowder  should  contain  no  less  than 
15  per  cent,  of  charcoal. 

Much  depends  ui>on  the  quality  and  condition  of  the  wood  employed; 
the  sap  should  be  thoroughly  drieil  in  the  wood  to  secure  the  best  quality 
of  charcoal;  this  end  is  attained  by  desiccating  newly-cut  timber  in  a  hot 
chamber  for  ten  or  twelve  days,  although  it  is  questionable  if  the  char- 
coal so  obtained  is  as  good  as"  that  produced  from  wood  that  ha«  been 
seasoned  for  a  number  of  years.  Snmll  wood,  perfectly  clean,  fi*ee  fix)m 
bark,  quite  drj^,  are  essential  requisites  for  making  good  charcoal. 

The  kind  of  wood  commonly  used  is  that  of  the  willow  si)ecie.s — ^the 
common  white  Duteh  willow,  the  poplar,  and  the  alder  are  generally 
preferred;  other  woods  are,  however,  frequently  used,  and  for  a  first- 
class  strong  powder,  black  dogwood  is  said  to  be  best,  but  its  great  cost 
prevents  its  being  largely  adopted. 

Distilling  the  wood  in  retorts  is  the  method  usually  employed  for  pro- 
curing a  light  and  equal  quality'  of  charcoal ;  pit-burned  charcoal  is,  how- 
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«ver,  preferred  for  fuse,  pyrotechnic  compositions,  &c.,  on  account  of 
certain  qualities  it  possesses.  The  method  of  distilling  in  retorts  is  as 
follows:  A  number  of  retorts  set  in  brickwork  at  a  suitable  height  fi*om 
the  ground  floor,  under  which  a  furnace  is  provided;  the  bottoms  of  the 
retorts  are  protected  from  the  direct  and  intense  heat  of  the  furnace  by 
a  fire-brick  Uning,  through  openings  in  which,  and  by  flues,  the  flame 
passes  round  the  retorts  before  reaching  the  chimney.  The  wood  must 
be  small,  of  eight  or  nine  years^  growth ;  it  is  obtained  early  in  the  fall, 
its  bark  entirely  removed,  cnt  into  lengths  of  about  3  inches  and  stacked 
for  drying.  When  thoroughly  dried  it  is  put  into  a  sheet-iron  cylinder 
or  "skip,"  having  a  movable  lid  or  door  at  one  end,  which  is  placed 
horizontally  on  an  iron  carriage  corresponding  in  height  with  the  door 
of  the  retort;  the  carriage  is  run  forward  to  the  mouth  of  the  retort,  the 
cylinder  containing  the  wood  slid  into  the  retort,  fitted  with  an  air-tight 
door,  having  been  previously  heated  to  a  dull  red  heat. 

The  process  of  charring  commences,  the  steam,  tar,  and  gas  in  the 
wood  pass  from  the  cylinder  by  holes  in  the  door,  through  a  pipe  to  the 
furnace  and  are  consumed.  From  three  to  four  hours  are  required  to 
completely  char  a  cylinder  of  wood.  The  cylinder  with  its  contents  is 
drawn  out  of  the  retort  by  a  block  and  tackle,  lowered  into  an  air-tight 
cooler  with  a  close-fitting  lid,  and  allowed  to  remain  for  about  half  a 
day;  it  is  then  placed  in  a  smaller  cooler  where  it  remains  until  cold. 
After  the  charcoal  has  been  carefully  picked,  it  is  fit  for  use  in  making 
gunpowder.  About  three  charges  can  be  burned  in  each  retort  every 
twelve  hours. 

A  good  and  uniformly  pure  charcoal  has,  if  properly  made,  a  jet  black 
appearance,  the  fractures  show  a  velvet-like  siuface,  and  appear  the 
same  in  both  liu-ge  and  small  pieces.  It  should  not  scratch  soft  polished 
metal,  and  if  treated  with  distilled  water  there  should  be  no  appear- 
ance of  alkali. 

From  20  to  25  per  cent,  of  charcoal  is  obtained  from  willow  and  alder, 
and  from  25  to  30  per  cent,  from  black  dogwood ;  the  latter  is  very 
dense,  tough,  and  of  slow  growth,  its  usual  size  being  about  one  inch  in 
thickness.  When  charred,  it  has  a  yellowish  looking  suifaoe,  and  JB 
slightly  metallic  in  appearance. 

The  kind  of  wood  from  which  the  charcoal  has  been  made  is  known 
by  the  pith ;  tl;iat  of  dogwood  is  circular  and  large  for  the  size  of  the 
wood ;  that  of  the  willow  is  also  circular,  but  somewhat  smaller;  that  of 
alder  forms  a  figure  of  three  equidistant  radial  lines. 

Charcoal  is  very  porous,  and  quickly  absorbs  moisture;  therefore  a 
great  store  is  never  kept.  Previous  to  use,  it  is  very  carefully  examined 
and  picked,  uncharred  pieces  being  excluded. 

To  test  charcoal  for  an  alkali,  finely  powder  a  small  quantity  and  boil 
it  in  distilled  water,  filter  and  test  with  litmus  paper  reddened  by  weak 
acid.  Should  the  charcoal  contain  alkali,  the  paper  will  be  partially  or 
wholly  restored  to  its  color. 

Pit-burned  charcoal  is  used  in  the  manufacture  of  "  pit  gunpowder," 
and  is  suitable  for  filling  fuses,  port-fires,  &c. ;  it  is  also  used  for  pyro- 
technic compositions,  and  such  purposes. 

MACHINES  USED  IN  MANUFACTURE  OF  GUNPOWDER. 
CHARGOAL-GRINDINO  MILL. 

Before  the  ingredients  are  mixed  together,  they  must  be  pulverized  or 
ground  to  a  fine  powder.    Charcoal  after  standing  a  fortnight  is  ground 
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in  an  apparatus  somewhat  similar  to  a  coffee-mill  on  a  large  scale.  The 
miU  (Phtte  1.  Fig  1.)  consists  of  a  cone  secured  on  a  vertical  spindle 
provided  with  teeth  running  spirally  over  its  entire  outer  surface ;  tiie 
cone  revolves  in  a  cylinder  provided  with  teeth  on  its  inner  surface; 
these  teeth  are  spiral  also,  but  incline  in  the  opposite  direction  to  those 
on  the  cone. 

The  revolving  cone  is  a^jnstable  in  a  vertical  direction  to  increase  or 
diminish  the  space  between  its  teeth  and  those  of  the  fixed  cylinder; 
thus  a  coarse  or  fine  charcoal  is  produced  at  will.  The  ad[jnstment  is 
effected  by  means  of  two  hand-wheels  working  on  a  fine  screw-thread 
cut  upon  the  small  vertical  cone  spindle,  which  spindle  can  be  moved 
upward  or  downward  by  means  of  the  hand- wheels  through  the  large 
hollow  shaft  upon  which  the  bevel  driving-wheel  is  keyed.  Motion  is 
communicated  from  this  shaft  to  the  sm^l  one  by  means  of  a  feather 
upon  the  surface  of  the  latter^  which  fits  and  works  in  a  groove  cut  in 
the  inside  of  the  hollow  shaft.  The  small  hand- wheel  is  used  for  locking 
and  securing  the  larger  one  in  any  required  position. 

The  hopper  above  receives  the  charcoal.  On  the  under  side  of  the 
cone,  and  revohing  ¥rith  it,  are  a  couple  of  arms,  that  carry  the  ground 
charcoal  to  the  discharge  spout  on  one  side  of  the  fixed  cylinder  and 
conduct  it  to  a  sifting  reel ;  this  reel  is  simply  a  skeleton  cylinder  of 
wood,  covered  with  copper  wire  cloth,  having  fine  meshes  thirty-two  to 
,  the  inch. 

The  sifting  reel  is  driven  by  a  pair  of  bevel  wheels  set  at  a  slight 
angle  to  allow  the  charcoal  to  run  readily  along  the  interior;  as  it  re- 
volves, it  causes  the  particles  of  charcoal  to  be  continually  rolling  over 
each  other  and  covering  new  surfaces  of  the  reel ;  the  fine  particles  pass 
through  the  meshes  of  the  wire  cloth  and  fall  into  a  receiving  bin, 
whilst  the  larger  ones  are  thrown  out  at  the  lower  end  of  the  reel  to 
another  bin,  whence  they  are  taken  and  returned  to  the  hopper.  The 
reel  and  bins  are  inclosed  entirely  in  a  wooden  framework  and  cover- 
ing, so  as  to  prevent  the  dust,  which  is  very  light,  from  spreading  over 
the  house.  Doors  are  provided  in  this  wooden  covering,  by  means  of 
which  the  ground  charcoal  can  be  removed. 

Aft4»r  being  ground  the  charcoal  stands  for  about  eight  or  ten  days  before 
using  it ;  owing  to  the  readiness  with  which  it  absorbs  oxgyen  when  in 
the  pulverized  state,  it  is  apt  to  become  heated,  and  spontaneous  com- 
bustion to  ensue.  The  danger  from  this  cause  is  much  lessened  when 
t  is  stored  in  small  quantities  and  in  separate  iron  cylinders  or  bins. 

SALTPETER  AST)   SULPHUR  GRIKDING  APPARATUS. 

The  saltpeter,  if  used  immediately  after  being  purified,  is  so  fine  as  to 
require  no  further  reduction  of  its  particles  before  mixing ;  but  if  it  has 
been  dried  for  storage  it  must,  Uke  the  sulphur,  be  reduced  to  a  very 
fine  powder.  They  are  ground  separately  in  a  small  machine  somewhat 
similar  to  a  mortar-mill.  The  machine  (Plate  I,  Fig.  2)  consists  of  a 
pair  of  edge  rollers  traveling  round  a  strong  circular  cast-iron  bed,  re- 
volving at  the  same  time  on  their  own  axes. 

The  speed  of  these  rollers  is  eight  revolutions  per  minute  round  the 
bed ;  they  are  each  4  feet  in  diameter,  and  weigh  30  cwt.  Each  one  travels 
on  a  different  path,  one  being  near  to  the  inside  curb,  or  "cheese,"  as  it 
is  technically  called,  whilst  the  other  is  farther  away  from  the  center. 
A  shaft  or  spindle  common  to  both  passes  through  their  centers,  and 
between  them  is  a  cross-head  fixed  on  a  vertical  shaft  driven  by  means 
of  bevel  gearing,  the  pinion  being  secured  on  the  main  horizontal  driv- 
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ing  shaft  ODdemeath  the  maohine,  whilst  the  vertical  shaft,  upon  which 
the  large  bevel  wheel  is  fixed,  parses  throngh  the  cross-head ;  this  latter 
being  provided  with  suitable  brass  bashes,  in  order  to  allow  the  roUeri^ 
to  rise  or  flail  acc(H:ding  to  the  thickness  of  the  material  under  them. 

The  material  to  be  ground,  whether  saltpeter  or  sulphur,  is  spread 
evenly  over  the  bed  of  the  machine  to  a  thickness  of  about  1.05  or  2 
inches ;  the  rollers  are  then  set  in  motion.  A  very  short  time  suffices 
to  complete  the  operation.  The  material,  when  ground,  is  shoveled  from 
the  bed  into  tubs  and  emptied  into  a  hopper  placed  above  a  sifting  reel 
(Plate  I,  Fig.  3),  which  is  similar  in  all  respects  to  the  charcoal  reel.  As 
the  reel  revolves,  certain  projections  provided  on  the  shaft  strike  against 
similar  projections  on  the  bottom  of  the  trough  that  conveys  the  material 
from  the  hopper  to  the  reel,  and  as  this  trough  is  slung  under  the  hopper 
it  is  made  to  vibrate  and  cause  the  material  to  be  shaken  gradually  from 
the  hopper  to  the  reel.  The  fln6  particles  pass  through  a  wire  cioth  of 
thirty-two  meshes  to  the  inch  and  fbll  into  a  bin  provided ;  the  coarse 
partidee  are  thrown  out  at  the  end  into  another  bin,  whence  they  are 
taken  and  regronnd. 

The  ingredients  are  weighed  out  very  accurately,  in  the  proportions 
of  76  of  saltpeter  to  15  of  charcoal  and  10  of  sulphur.  About  50  jwunds 
of  this  mixture,  constituting  a  charge  for  the  incorporating  mill,  is  placed 
separately  in  small  bags  and  taken  to  the  mixing  machine. 

THE  MIXING-  ICAOHINB. 

This  machine  (Plate  II,  Fig.  4),  consisting  of  a  hollow  drum  of  copjier 
about  2  feet  wide  by  3  feet  in  diameter,  revolves  at  a  speed  of  thirty-flve 
revolutions  per  minute.  The  bearings  of  this  drum  are  hollow ;  a  shaft 
passes  through  them,  having  in  the  interior  of  the  drum  an  eight-sided 
boss  or  tube  secured  to  it ;  into  this  a  serie^s  of  arms  or  flyers  are  screwed, 
there  being  five  on  one  fttoe  of  the  octagon  and  six  on  the  next,  alter- 
natoly.  They  ace  made  of  a  flat  section,  forked  at  the  ends,  provided 
with  holes  through  their  flat  sides ;  each  one  is  set  at  a  different  angle 
to  the  next;  their  points  just  clear  the  inside  of  the  drum,  and  they  re- 
volve in  the  opposite  direction  to  it  at  the  rate  of  seventy  revolutions 
per  minute. 

The  tiiree  bags  of  ingredients  (50  pounds  in  all)  are  emptied  one  at 
a  time  throngh  a  door  into  the  copper  drum ;  five  minutes' work  will  be 
found  to  thoroughly  mix  them. 

The  door  in  the  drum  Is  opened,  the  composition  falls  down  a  chute 
into  a  tub ;  after  being  spread  out  it  is  carefully  examined,  and  then 
placed  in  the  receiving  bags.  The  bags  are  tightly  tied  up,  it  being  very 
essential  that  this  operation  be  carefully  performed ;  for,  should  the  com- 
position be  allowed  to  remain  loose  in  the  bags  (the  ingredients  having 
very  different  specific  gravities),  the  saltpeter  would  fall  to  the  bottom, 
the  charcoal  rise  to  the  top,  and  the  sulphur  occupy  the  center.  The 
bags  are  put  into  small  magazines,  separate  from  all  buildings  contain- 
ing machinery,  laid  on  their  sides,  sothatthe  weight  of  the  saltpeter  may 
i^ect  the  mixture  as  little  as  possible.  The  composition  is  now  ready 
for 

THE  INCOEPORATINO  MILL. 

The  incorporation  of  the  ingredients  that  form  gunpowder  is  by  far 
the  most  important  process  in  the  whole  manufacture,  for  unless  the 
minute  particles  of  the  ingredients  be  thoroughly  mixed,  all  subsequent 
operations,  however  weU  performed,  will  not  compensate  for  the  error. 
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The  incorporating  mill,  which  is  shown  by  Plate  II,  Fig.  5,  consists  of 
two  large  and  heavy  "hard-chill"  cast-iron-edge  runners,  revolving  on 
a  circular  cast-iron  bed;  the  peculiar  action  of  these  runners  is  well 
adapted  for  thoroughly  grinding  and  incorporating  the  several  ingre- 
dients:  their  great  weight  is  for  crushing  the  ingredients,  which  are  also 
ground  together  by  the  twisting  action  produ<^  by  the  rollers  travel- 
ing round  in  so  small  a  circle.  Each  roller  travels  over  the  bed  in  a 
separate  track,  and  is  assisted  by  a  plow  (hereafter  described),  which 
mixes  the  material'  so  that  it  is  subjected  to  crushing,  grinding,  and 
mixing  by  one  operation. 

Incorporating  mills  in  a  gunpowder  factory  are  usually  grouped,  and 
the  motive  i)ower  may  lye  water  or  steam ;  in  eitiier  case  the  power 
should  be  capable  of  driving  four  or  more  pairs  of  runners.  Each  pair 
is  so  arranged  that  it  can  be  disengaged  or  put  in  gear  at  pleasure  by 
means  of  a  Mction-clutch,  without  interfering  with  the  steady  working 
of  the  engine  or  water-wheel.  When  the  latter  is  employed,  its  speed 
is  regulated  by  a  governor  in  connection  with  the  sluice;  by  this  means 
the  flow  of  water  is  caused  to  immediately  increase  or  diminish  as  a  pair 
of  runners  is  put  in  motion  or  stopped,  and  thus  a  regular  speed  always 
maintained. 

The  runners  travel  round  the  bed  at  the  rate  of  eight  revolutions  per 
minute;  they  are  6  feet  6  inches  in  diameter  by  15  Inches  broad  on  the 
face,  and  weigh  four  tons  each.  As  already  stated,  the  two  travel  on 
different  paths,  the  one  being  near  to  the  outside  rim  or  curb  of  the  bed, 
while  the  other  travels  near  to  the  inside  curb  or  "cheese.''  A  horizon- 
tal shaft  or  spindle,  common  to  both  runners,  passes  through  their  centers, 
and  between  them  is  a  cross-head  fixed  on  a  vertical  shaft  driven  by 
means  of  a  bevel  wheel  and  pinion,  the  latter  being  secured  on  the  main 
driving  shaft  that  passes  underneath  the  bed  of  each  mill,  and  common 
to  all. 

The  vertical  shaft  passes  through  the  cross-head,  and  is  provided  with 
brass  bushes,  which  allow  the  runners  to  rise  or  fall  according  to  the  irreg- 
ularity in  the  thickness  of  the  material  under  them.  On  each  side  of  the 
cross-head,  and  projecting  outwards,  is  an  iron  bracket  having  a  plow 
(made  of  a  wedge-shaped  piece  of  wood  shod  with  felt  and  leather)  fitted 
to  it,  so  arranged  as  to  sweep  the  bed  and  keep  the  composition  under 
the  runners.  One  plow  sweeps  i^ainst  the  outside  curb  immediately 
in  front  of  the  runner  that  travels  round  the  larger  circle ;  the  other  against 
the  ^'cheese"  or  inside  curb  immediately  in  front  of  the  runner  that 
travels  round  the  smaller  circle.  The  inside  of  the  outer  curb,  as  well 
as  the  outside  of  the  cheese  where  the  plows  work  and  rub  against  them, 
are  covered  with  copper  or  gun-metal. 

The  composition  attains  a  body  in  about  one  hour  after  the  runners 
are  set  in  motion,  the  action  of  the  plows  in  moving  the  whole  of  the 
material  on  and  across  the  bed  thoroughly  mixes  it,  and  subjects  every 
particle  to  the  same  amount  of  pressure. 

Each  pair  of  runners  is  provided  with  a  tell-tale  dial,  which  shows 
the  time  the  mill  has  to  run  and  the  condition  of  the  cake  from  time  to 
time.  From  three  to  four  hours  is  the  period  a  charge  should  be  on  the 
mill,  providing  the  engine  or  water- wheel  is  maintained  at  its  proper 
speed.  This  timing  of  the  charge  is  a  very  important  point  in  the  manu- 
facture, where  i)owder  of  an  equal  quality  is.  required;  the  attendant 
must  watch  for  any  change  in  the  atmosphere^  so  that  h0  may  work  the 
charge  dry  or  moist,  according  to  the  humidity  of  the  air. 

The  charge  coming  from  the  mixing  machine  is  spread  equally  over 
the  bed  of  the  null,  and  moistened  with  from  four  to  eight  pints  of  dis- 
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tilled  water  by  a  fine  rose-ended  watering  pot,  the  quantity  being  regu- 
lated according  to  the  state  of  the  atmosphere. 

The  cake  should  be  of  a  blackish-gray  color  when  broken,  of  a  uniform 
appearance  without  any  white  or  yellow  specks,  the  presence  of  which 
would  indicate  insufficient  incorporation.  It  should  not  exceed  half  an 
inch  in  thickness,  in  order  to  be  thoroughly  incorporated,  nor  be  less 
than  a  quarter  of  an  inch  thick,  to  insure  safety;  if  the  runners  are 
allowed  to  come  in  contact  with  the  bed,  the  Ifriction  cause<l  by  their 
twisting  action  is  so  great  that  an  explosion  would  almost  certainly 
result. 

At  the  expiration  of  three  or  four  hours  the  charge  will  have  attained 
all  the  properties  of  gunpowder  j  the  powder  will  not  be  improved  by 
heavier  runners  or  an  increase  of  speed.  For  fine  sporting  gunpowder, 
however,  the  operation  of  incoqwrating  is  continued  in  some  cases  for 
eight  hours  and  with  heavier  rollers.  It  is  doubtful  whether  the  powder 
is  much  improved  thereby ;  the  purity  of  the  ingredients  is  of  more  con- 
sequence 5  on  this  the  quality  of  the  powder  depends  much  more  than 
upon  a  long  or  short  period  of  incorporation,  for  if  regularity  be  observed 
and  the  runners  are  of  one  size  and  weight,  and  the  charges  are  worked 
for  an  equal  length  of  time  and  under  the  same  conditions,  a  fairly  uni- 
form powder  will  result. 

A  method  for  testing  whether  the  incorporation  has  l)een  well  per- 
formed is  to  take  half  an  ounce  of  the  cake  granulated  by  hand  and 
flash  it  on  a  glass  plate ;  a  slight  residue  only  should  be  left  on  its 
surface. 

As  the  incorporating  mills  are  generally  in  groups,  it  is  necessary  to 
prevent  explosions  spreading  amongst^the  mills.  This  is  very  effectually 
done  by  the  use  of  a  drenching  apparatus  which  consists  of  a  large 
board,  acting  as  a  flapper,  placed  horizontally  over  each  pair  of  runners. 
This  flapper  is  attached  to  a  shaft  runnin|^  throughout  the  entire  group 
of  mills,  and  in  connection  with  it,  and  immediately  over  each  set  of 
runners,  is  a  copper  cistern  holding  about  40  gallons  of  water,  so  ar- 
ranged and  x)oised  that  when  the  flapper  is  raised  by  an  explosion  the 
catch  is  disengaged  and  the  cistern,  overbalancing,  empties  its  contents 
upon  the  mill.  This  does  not  prevent  damage  to  the  mill  in  which  the 
explosion  first  occurs  but  confines  the  damage  to  it.  In  addition,  an 
arrangement  is  provided  whereby  the  attendant  can,  in  case  of  an  ex- 
plosion in  any  part  of  the  works  or  in  his  immediate  neighborhood,  up- 
set the  cisterns  of  water  from  the  outside  and  thus  prevent  the  explosion 
spreading. 

In  a  well-constructed  incorporating  mill  all  movable  parts,  such  as 
bolts,  nuts,  &c.,  are  fitted  with  the  greatest  care,  and  at  each  end  of  the 
runner  shaft,  and  also  over  and  under  the  cross-heisid  between  the  runners, 
large  gun-metal  discs  or  drip-pans  are  fitted ;  these  not  only  prevent 
any  oil  or  greasy  matter  dropping  into  the  charge,  but  likewise  any  bolt, 
nut,  or  pin  that  may  have  become  loose  in  the  vicinit}'  of  these  part« 
and  possibly  producing  an  explosion. 

Where  steam  is  employed  as  the  motive  power,  care  must  be  taken  at 
all  times  to  prevent  sparks  being  emitted  from  the  boiler  chimney;  this 
may  be  eftected  in  several  ways,  either  by  using  anthracite  coal  or  coal 
and  coke  for  the  boiler  furnace,  or  by  having  a  spark  catcher  or  arrester 
fitted  inside  the  fine  at  the  base  of  the  chimney,  or  a  number  of 
baffie-plates  placed  in  the  chimney  itself  in  a  zigzag  manner.  If  proper 
precautions  are  taken,  and  the  flues  are  regularly  cleaned  out,  there  will 
be  no  risk  whatever  in  using  steam-power. 


102         REPOKT  OF  THE  CHIEF  OF  ORDNANCE. 

THE  BREAKING -DOWN  MACHINE. 

The  powder  after  inoorporatioa  is  takea  from  tbe  mills  in  open  tubs 
and  placed  in  small  magazines,  where  it  is  allowed  to  remain  for  a  day, 
to  give  the  viewer  time  to  examine  the  quality  of  the  cake,  and  to  com- 
pare the  production  of  one  mill  with  that  of  another,  for  it  is  found  that 
that  part  of  the  charge  which  has  been  subjected  td  the  last  few  revolu- 
tions of  the  runners  is  generally  a  little  drier  than  tiie  rest;  therefore, 
allowing  the  whole  to  remain  exposed  for  a  short  time  tends  to  equal- 
ize the  moisture,  two  or  three  per  cent,  of  which  greatly  assists  the  opera- 
tion of  pressing. 

The  incorporated  powder,  in  the  condition  of  soft  cake,  is  broken  in 
pieees  of  uniform  size,  so  that  the  spaces  between  the  plates  in  the  press- 
box  (hereafter  described)  may  be  equally  filled  and  the  powder  subject^ 
to  the  same  amount  of  pressure  over  its  whole  surface.  Beducing  the 
mill  cake  to  a  uniform  siae  also  assists  in  mixing  any  portions  tiiat  may 
be  more  dense  than  others. 

The  breaking  down  of  mill  cake  is  effected  by  the  breaking-down 
machine  (Plate  III,  Fig.  6),  which  coiisists  of  gun-metal  side  frames,  sup- 
porting two  pairs  of  gun-metal  rollers,  the  one  pair  being  immediately 
under  the  other.  These  rollers  are  7|  inches  in  diameter,  and  have  a 
total  length  for  operating  upon  the  cake  of  2  feet  6  inches.  The  surfaces 
of  the  upper  pair  have  grooves  of  1.05-inch  pitch,  cut  longitudinally  to  a 
depth  (^  i  inch.  These  rollers  work  at  a  speed  of  25  revolutions  per 
minute,  and  motion  is  imparted  to  them  by  means  of  a  main  driving  shait 
and  spur  gearing  connected  with  the  motive  x)Ower.  Tbe  back  roller  of 
each  pair  works  in  a  sliding  bearing,  and  is  iiressed  forward  to  its  opposite 
roller  and  kept  up  to  its  work  by  means  of  w^ghted  levers.  This  is  a 
safety  arrangement,  and  is  provided  in  ord^  to  admit  of  the  rollers 
opening  to  allow  any  large  quantity  of  the  cake,  a  hard  lump,  or  any 
foreign  substance,  to  pass  freely  through  them,  thus  preventing  injury 
to  the  machinery,  and  possibly  an  explosion.  There  is  also  a  scraper 
attached  to  each  pair  of  rollers  for  removing  ftom  them  any  powder 
adhering  to  their  surfaces. 

To  prevent  the  dust  spreading  about  the  building,  the  rollers  are  in- 
closed in  sheet-copper  and  gun-metal  casings,  which  act  as  spouts  and 
guide  the  meal  into  boxes  placed  underneath  the  machine. 

The  working  of  the  machine  is  as  follows :  The  incorporated  ^'  mill- 
cake  "  brought  from  the  magazines  is  placed  in  a  wooden  hopper  holding 
about  700  pounds.  Under  the  open  side  of  this  hopper  works  an  endless 
band  of  strong  canvas,  having  strips  of  leather  stitched  across  it  at  4 
inches  apart.  This  band  presses  over  two  drums,  the  upper  one  being 
driven  from  the  gearing,  so  that  when  in  operation  this  band  revolves 
and  carries  a  i>ortion  of  the  "  mill-cake"  with  it  from  the  hopper  and  dis- 
charges it  over  the  upper  drum  between  the  first  and  uppermost  pair  of 
rollers.  After  being  crushed  and  passing  through  these,  it  falls  into  the 
second  i)air  immediately  underneath,  where  it  is  further  broken  up  into 
pieces  of  the  required  size.  From  these  it  falls  into  the  spout,  and  is 
conveyed  to  the  boxes  placed  underneath. 

When  the  hopper  has  been  filled  with  "  mill-cake"  the  attendant  re- 
tires to  a  place  of  safety,  and  then  starts  the  machine.  After  working 
for  about  half  an  hour,  which  is  sufficient  to  break  down  a  charge  of  700 
pounds,  he  stops  the  machine,  and  after  waiting  a  few  minutes  enters 
the  house,  empties  the  boxes,  and  removes  the  powder  before  refilling 
the  hopper. 
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The  meal,  as  taken  from  the  boxes,  is  conveyed  in  tubs  and  plaoed  in 
other  small  magazines,  from  whence  it  is  taken  to  the  press^house. 

All  these  dangerous  operations  are  x^arried  on  in  separate  buildings, 
well  removed  from  each  other ;  as  a  matter  of  precaution  the  machine  is 
entirely  constructed  of  gun-metal  and  wood,  except  the  shafts,  which 
ard  of  wrought  iron  incased  in  copper. 

THE  HYDEAULIO  PSESSlNa  APPARATUS. 

The  last  oi>eration  and  that  of  pressing  the  meal  into  a  solid  cake  is 
for  the  purpose  of  fitting  it  to  be  made  into  a  hard  grain  of  equal  density. 
The  powder  is  brought  from  the  small  magazines  to  the  press-house, 
where  it  is  compressed  into  hard  cake.  Many  advantages  are  gained 
by  this  operation.  First,  the  cake  when  made  into  grain  of  the  required 
size  absorbs  less  moisture  from  the  atmosphere,  the  lasting  qualities  of 
the  x>owder  are  much  increased,  especially  if  glazed ;  again,  by  having 
been  compressed  the  powder  is  less  liable  to  be  ^reduced  to  dust  in  trans- 
port. By  a  closer  connection  of  the  ingredients  a  larger  volume  of  gas 
is  produced,  bulk  for  bulk,  than  from  a  soft  light  powder;  it  also  pro- 
duces more  grain  than  could  be  obtained  from  ^* mill-cake''  not  pressed; 
there  is  less  waste  by  dust,  and  in  addition  to  this  a  hard  clean  grained 
IK>wder  does  not  foul  tlie  gun  so  much  as  a  soft  powder. 

For  compressing  the  meal  powder  into  "  press-cake  "  a  powerful  hy 
drauiic  press  (Plate  III,  Fig.  7)  is  employed.  The  apparatus  for  holding 
the  meal  consists  of  a  very  strong  gun-metal  box  incased  on  the  outer 
and  inner  sides  with  oak ;  it  is  2  feet  square,  and  2  feet  6  inches  deep ; 
the  bottom  and  one  side  are  permanently  fixed  to  each  other,  but  the 
other  sides  are  hinged  to  the  bottom  to  allow  of  their  being  opened ; 
when  shut,  these  sides  are  ftrmly  held  toge<&er  by  stanmg  coarse-threaded 
metal  screws. 

The  box,  when  about  to  bb  filled,  is  laid  on  its  side  in  front  of  the 
press,  and  the  uppermost  side  is  opened  and  laid  back.  Two  guide 
racks  of  gun-meUtl,  with  wooden  ril»  on  them,  forming  a  number  of 
grooves  one-tenth  of  an  inch  in  width  and  five-eighths  of  an  inch  apart, 
are  hung  on  the  inside  of  the  box  to  those  sides  that  have  not 
been  opened  |  into  these  grooves  a  series  of  gun-metal  plates  one-tenth 
of  an  inch  thick  are  slid.  The  spaces  between  the  plates  are  filled  with 
the  meal  powder,  the  racks  are  withdrawn,  leaving  the  plates  supported 
in  their  position  by  the  powder  between  them.  The  third  side,  which 
has  remained  open,  is  then  lowered  down  and  screwed  fast  up  to  the  two 
sides  already  in  position.  The  box  is  provided  witii  two  projecting  gun- 
metal  claws  that  fit  into  a  mandrel  attached  to  the  frx)nt  of  the  press ; 
upon  this  mandrel  the  box  is  now  turned  by  means  of  overhead  tackle, 
the  mandrel  being  so  adjusted  that  when  the  box  is  raised  partly  into  a 
vertical  position  it  is  pushed  over  and  lowered  down  exactly  on  the  cen- 
ter of  the  press  table.  Attached  to  the  press  cross-head  are  two  over- 
head rails,  carrying  a  large  block  of  hard  wood,  which  is  hung  and  travels 
upon  these  rails  by  four  wheels ;  when  the  box  is  turned  over  on  its  side 
for  the  purpose  of  filling,  this  block  is  drawn  back  to  the  extremity  of 
the  rails,  and  when  the  box  is  filled  and  replaced  on  the  table  and  in 
the  proper  position  for  pressing,  the  block  is  drawn  forward  until  it  ar- 
rives exactly  over  the  center  of  the  box,  where  it  is  retained  by  a  catch. 

The  press  is  now  put  in  motion  by  me^ns  of  pumps,  driven  by  steam, 
water,  or  hand  power  in  separate  buildings,  on  the  opposite  side  of  a 
high  traverse  that  divides  one  from  the  other.  In  the  pump-house  the 
attendants  remain  in  safety  while  the  pressing  is  bemg  done. 
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The  pumps  of  the  description  generally  used  are  fitted  with  large  and 
smaU  plungers.  At  first,  when  the  material  to  be  pressed  is  soft,  th^ 
large  plungers  are  used  and  the  box  raised  rapidly ;  but  when  the  press 
has  traversed  about  three-fourths  of  its  distance  the  smaller  ones  are 
worked  until  such  time  as  the  powder  is  subjected  to  a  pressure  of  7(V 
tons  per  square  foot. 

When  the  pumps  are  first  put  in  motion  one  of  the  attendants  remains 
in  the  press-house  for  a  short  time  to  see  that  the  block  enters  the  box 
fairly,  and  that  it  is  in  the  center ;  a  clearance  of  about  a  quarter  of  an 
inch  is  allowed  all  round  between  it  and  the  box.  If  all  is  in  order,  the 
attendant  retires  to  the  pump-house  when  the  requisite  pressure  has- 
been  obtained ;  the  press  is  allowed  to  stand  for  a  few  minutes  to  allow 
the  air  to  escape  and  the  powder  to  consolidate.  Should  the  pressure 
go  down  from  this  cause,  the  pumps  are  again  set  in  motion  until  the 
full  i^ressure  is  attained ;  after  allowing  a  few  minutes  to  elapse,  the  es- 
cape-valve is  opened  and  the  ram  with  the  box  descends.  The  over- 
head block  is  now  run  back  out  of  the  way,  the  box  turned  over  on  its. 
side,  all  the  fixing  screws  removed,  the  uppermost  side  is  lifted  up  and 
turned  over,  and  the  other  two  are  opened  out.  The  i)owder,  witii  the 
gun-metal  plates,  will  be  found  standing  like  a  solid  mass  on  the  side 
of  the  box  underneath. 

The  plates  and  powder  cakes  are  separated  by  copper  chisels,  the 
cake — ^being  from  three-eighths  of  an  inch  to  one-half  inch  thick,  like  slabs 
of  slate — i&  broken  into  pieces  about  the  size  of  a  man's  hand,  by  wooden 
mallets;  i&  collected,  put  into  tubs,  and  removed  to  the  next  magazine 
and  allowed  to  remsun  for  two  or  three  days;  this  renders  it  so  hard 
that  it  is  not  easy  to  break  it. 

Some  difficulty  is  experienced  in  obtaining  precisely  the  same  density 
in  the  pressed  powder :  any  great  difference  in  this  particular  causes  the 
X>owder  to  vary  considerably  in  quality  and  strength;  in  fact,  until  the 
greatest  predsion  and  certainty  are  obtained,  £^t,  in  purifying  the 
ingredients,  and,  secondly,  by  an  equally  precise  amount  of  incorporat- 
ing and  pressing,  uniformity  in  the  quality  and  strength  of  the  powder 
manufactured  cannot  be  secured. 

THE  ORANULATINa  MACHINE. 

• 

The  machine  used  for  granulating  t>he  pressed  cake  is  somewhat  sim- 
ilar in  construction  to  the  breaking-down  machine;  it  is  fitted  with  tour 
pairs  of  cutting  rollers,  and  rectangular  screens  below  the  three  upper 
pairs;  these  screens  convey  any  grain  not  properly  reduced  by  the  one 
set  01  rollers  to  the  next  under  them. 

The  machine  (Plate  lY,  Fig.  8)  is  composed  of  two  side  frames  of  gun- 
metal,  which  carry  the  rollers,  screens,  and  other  moving  parts.  The 
rollers  are  placed  in  pairs  at  an  inclination  of  about  33^,  and  have  a 
vertical  height  of  2  feet  5  inches  between  each  pair;  they  are  7  inches 
in  diameter,  and  make  from  25  to  30  revolutions  per  minute,  thus  giving 
a  speed  of  about  48  feet  per  minute  to  their  toothed  surface,  the  length 
of  which  for  operating  upon  the  powder  is  2  feet  6  inches.  The  press- 
cake  is  fed  to  the  machine  by  an  endless  band  at  the  rate  of  about  30 
pounds  per  minute.  The  teeth  in  the  several  pairs  of  rollers  vary  in 
size  and  form;  those  on  the  upper  rollers  are  diamond-shaped,  standing 
out  from  the  surface  of  the  rollers;  these  teeth  are  a  quarter  of  an  inch 
apart  and  the  same  in  depth,  and  so  arranged  that  those  in  the  one 
roller  work  into  the  spaces  of  the  other. 

The  second  pair  of  rollers  have  smaller  teeth,  but  of  the  same  form  as 
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the  upper  pair;  they  are  a  quarter  of  an  inch  apart,  but  only  one-eighth 
of  an  inch  in  depth. 

The  teeth  of  the  third  and  fourth  pairs  are  differently  shaped ;  in  these 
they  are  formed  by  cutting  Y-shaped  ribs  longitudinally  along  the  rollers 
and  rectangular  grooves  a  quarter  of  an  inch  apart  by  one-eighth  of  an 
mch  in  depth  around  their  circumferences.  The  ribs  of  the  one  roller, 
work  into  tiie  grooves  of  the  other,  and  vice  versa^  and  their  top  and 
bottom  edges  are  slightly  rounded. 

On  the  side  bearings,  and  behind  each  roller,  there  is  fixed  a  scraper, 
the  edge  of  which  is  provided  with  teeth  corresponding  with  the  grooves 
in  the  rollers,  so  that  as  the  latter  revolve,  any  powder  adhering  to  them 
is  cleared  out. 

The  back  roller  of  each  pair  is  provided  with  a  sliding  bearing  and  is 
pressed  forward  towards  the  front  rollers  by  weighted  levers ;  this  ar- 
rangement admits  of  their  opening  when  necessary,  and  permits  a  glut 
of  cake  or  any  other  hard  material  to  pass  them  with  safety.  This  is  a 
very  essential  point,  inasmuch  as  the  process  of  granulating  is  one  of 
the  most  dangerous  in  the  whole  manufacture  of  gunpowder.  All  the 
roUers  are  inclosed  in  copper  covers  for  confining  the  dust  from  the  cake, 
and  preventing  its  spreading  over  the  granulating  house. 

Three  screens,  one  under  each  set  of  rollers,  for  conveying  the  broken 
cake  from  one  i^ir  to  the  next,  are  placed  at  an  inclination  of  about  28^, 
and  consist  of  copper-wire  gauze  of  eight  meshes  to  the  inch ;  under- 
neath, and  embracing,  all  tiie  rollers  are  three  tiers  of  light  separating 
screens,  contained  within  a  deep  firame  set  at  an  angle  of  32^.  The  up- 
X>er  screen  is  of  copper- wire  gauze  of  eight  meshes  to  the  inch ;  the  sec- 
ond of  sixteen  meshes  to  the  inch,  while  the  third  is  a  very  fine  (nearly 
close)  screen,  and  receives  the  dust  &om  the  upper  ones  and  conveys  it 
into  a  bag. 

The  separating-screen  frame  is  slung  from  the  gun-metal  framing  of 
the  machine  by  Sght  springs  made  of  lance- wood«  The  screens  them- 
selves are  also  carried  from  the  frame  by  the  same  means,  and  the  whole 
has  a  longitudinal  movement  given  to  it  of  182  vibrations  per  minute, 
produced  by  polygonal  wheels  on  the  driving  shaft,  which  press  against 
circular  but  loose-running  wheels  attached  to  the  separating-screen 
frame.  The  surfaces  of  these  wheela  are  kept  in  contact  by  the  weight 
of  the  screen. 

The  process  of  granulating  the  press-cake  is  as  follows :  The  cake,  hav- 
ing been  broken  into  pieces,  is  put  into  a  wooden  hopper,  which  holds 
700  pounds ;  the  side  of  this  hopi>er  next  the  inclined  fi^me  is  open  to 
a  shoot — the  hopper — when  the  machine  is  at  work ;  moves  slowly  up 
this  inclined  frame,  the  speed  being  regulated  so  as  to  suit  that  of  an 
endless  feed-band  made  of  canvas,  with  strips  of  leather  sewn  across  it. 

A  rope  set  in  motion  by  one  of  the  machine  shafts  in  connection  with 
a  worm  and  wheel  is  used  to  raise  the  hopper^  the  cake  in  which,  fall- 
ing through  the  shoot  on  to  the  endless  band,  is  carried  forward  to  the 
uppermost  or  first  pair  of  rollers.  From  these  it  Is  conducted  to  each 
successive  pair  by  the  screens,  and  these  having  a  quick  vibrating  mo- 
tion, allow  any  grain  that  has  been  broken  small  enough  to  pass  through 
them  into  the  upper  long  separating  screen  in  the  frame  underneath. 
Such  grain  as  is  too  large  to  go  through  any  of  the  screens,  called 
^'  chucks,"  is  collected  and  pasj^e^  through  the  machine  a  second  time. 
The  grain  which  passes  the  upper,  or  eight^mesh  long  screen,  is  used 
for  common  powder ;  that  which  passes tiirough  the  sixteenmesh  long 
screen  is  suitable  for  rifie  or  small-arm  powder ;  and  that  which  passes 
through  into  the  lower  screen  is  dust.    The  powder  as  it  falls  frt>m  the 


106         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

surface  of  the  different  screens  is  collected  in  separate  boxes  placed  tin- 
derueath  the  machine. 

When  the  hopper  has  reached  the  limit  of  its  travel  upwards,  and  all 
the  cake  has  passed  on  to  the  feeding  band,  which  it  will  do  in  from 
twenty-five  to  thirty  minutes  after  the  machine  has  been  set  in  motion, 
the  hopper  acts,  by  a  self-acting  arrangement,  on  a  clutch,  which  throws 
the  rope  wheels  out  of  gear,  and  thus  stops  the  further  travel  of  the 
hopper,  while  a  counterbalance  weight  prevents  its  descent.  At  the 
same  tune  that  the  clutch  throws  the  wheel  out  of  gear,  it  relieves  a 
catch  connected  with  a  wire  spring  and  bell;  the  latter  ringing  in  the 
bomb-proof  house,  where  the  workmen  remain  while  the  machine  is  in 
operation,  gives  notice  that  the  hopper  is  empty.  After  allowing  about 
five  minutes  for  the  band  and  machine  to  become  quite  empty,  the  ap- 
paratus is  stopped,  and  the  attendants  leaving  their  place  of  safety 
enter  the  granulation  house  and  empty  the  grain  from  the  several  boxes 
into  tubs  for  removal.  No  one  is  permitted  to  enter  the  granulating 
house  while  the  machine  is  working,  and,  as  a  further  precautionary 
measure,  the  attendants  or  others  who  have  occasion  to  enter  the  house 
at  other  times  wear  sewn  hide-leather  boots. 

After  all  the  powder  is  removed,  the  hopper  is  let  down  to  its  proper 
place  and  refilled  with  cake,  and  the  machine  is  again  ready  for  use ; 
the  attendants  leave  the  granulating  house,  fh)m  the  bomb-proof  build- 
ing set  the  machine  in  motion,  and  remain  under  cover  until  the  bell 
again  rings,  when,  after  a  few  minutes,  they  stop  the  machine ;  the 
stfHting  and  the  stopping  are  done  in  the  bomb-proof  house. 

When  fine-grain  pow^  is  required,  rollers  with  smaller  teeth  are 
used,  together  with  screens  of  24  and  82  meshes  to  the  inch ;  the  dust  pro- 
duced by  this  machine,  as  well  as  from  all  the  others,  is  collected  and 
taken  to  the  incorporating  mill,  where  50  pounds  of  it  is  spread  out  on 
the  bed ;  after  being  well  damped  it  is  worked  under  the  edge  runners 
for  about  one  hour ;  it  is  then  fit  to  be  sent  forward  to  the  breaking-down 
machine,  tiie  press,  and  other  subsequent  operations.  The  quantity  of 
dust  produced  varies  considerably  according  to  the  condition  of  th^ 
teeth  of  the  granulating  rollers ;  if  they  are  much  worn,  or  become  foul, 
as  they  are  apt  to  do  during  damp  weatha*,  the  quantity  of  dust  will  be 
considerably  increased,  or,  if  only  fine-grain  powder  is  being  made,  the 
percentage  of  dust  will  be  great. 

As  in  the  case  of  the  brewing-down  machine,  so  with  the  granulating 
machine,  no  iron  or  steel  is  exposed,  and  indeed  there  is  very  little  of 
either  used  in  its  construction,  the  shafts  and  bed-plate  being  the  only 
parts  made  of  these  metals ;  the  former,  as  well  as  the  whole  fioor  of  the 
granulating  house,  is  covered  with  soft  leather-hide,  and  the  shafts  are 
all  encased  in  copper  or  gun-metal.  The  side  frames,  rollers,  wheels, 
bolts,  nuts,  and  all  other  parts  of  the  machine  are  made  of  gun-metal, 
copper,  or  wood. 

A  machine  of  the  size  described  is  capable  of  granulating  from  130  to 
140  barrels  of  gunpowder  per  day  of  twelve  hours,  each  barrel  to  hold 
100  pounds. 

THE  DUSTING  REELS. 

The  large-grain  powder  from  the  granulating  house  is  called  "foul 
grain,"  owing  to  its  containing  a  large  percentage  of  dust  that  has  been 
produced  under  the  granulating  process,  for,  although  a  great  deal  of  it 
is  removed  from  the  powder  by  means  of  the  lower  long  sixteen  mesh 
screen  attached  to  the  granulating  machine,  still  the  powder  contains  a 
considerable  quantity,  and  the  object  of  passing  it  through  the  dusting 
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reels  is  to  entirely  remove  what  remains,  and  at  the  same  time  to  rab 
down  the  rou^h,  uneven  sar£BK;es  of  the  grain,  and  thns  prevent  its  becom- 
ing dusty  again  in  course  of  transport.  D ust  in  powder  is  very  injurious, 
as  it  absorbs  moisture  from  the  atmosphere  very  readily,  which  affects 
the  whole  mass. 

The  dust  is  removed  from  large-grain  iK)wder  by  horizontal  reels  (Plate 
lY,  Fig.  9) :  these  are  cylindrical  wooden  skeletons,  supported  upon  a 
central  shaft  by  radial  arms,  the  periphery  of  the  cylinder  being  covered 
with  canvas,  having  twenty-four  meshes  per  inch.  The  reel  is  about 
8  feet  long  by  2  feet  6  inches  in  diameter ;  the  wooden  skeleton  is  made 
in  halves  so  that  it  may  be  easily  removed  for  recovering.  The  ends 
are  dosed  by  disks,  secured  upon  the  main  central  shaft,  and  one  end  is 
80  constructed  that  it  can  be  opened  or  drawn  back  for  the  purpose  of 
unloading  the  reel. 

When  about  to  be  filled,  the  reel  is  turned  round  until  the  charging 
door  is  directly  under  the  feeding  hopper ;  into  this  three  barrels  of  foul 
grain  are  emptied,  and  when  it  has  all  passed  through  the  hopper,  the 
door  of  the  reel  is  closed  and  fastened,  the  reel  is  set  to  work  at  from  40 
to  42  revolutions  per  minute  and  kept  in  motion  for  about  half  an  hour : 
at  the  end  of  this  time  it  will  be  found  that  the  whole  of  the  dust  will 
have  passed  through  the  meshes  of  the  canvas  covering,  and  will  be 
lying  at  the  bottom  of  the  outer  wood- work  casing  in  which  the  reel  is 
inclosed,  in  order  to  prevent  the  dust  spreading  over  the  house. 

When  a  number  of  reels  are  used,  they  are  aU  driven  from  one  main 
shaft  which  receives  its  motion  from  the  water-wheel  or  steam-engine, 
and  each  reel  is  provided  with  a  separate  clutch,  so  that  any  one  may  be 
stopped  or  set  in  motion  without  affecting  the  others. 

When  the  reel  has  run  the  requisite  time  it  is  stopped,  and  the  one 
end  lowered  about  10  inches  ]  the  disk  at  the  lower  end  is  slackened  back 
sufficiently  to  allow  the  powder  to  run  out  into  barrels,  which  it  will 
do  when  the  reel  is  again  set  in  motion :  when  quite  empty,  the  disk  is 
again  screwed  tightly  up  to  the  end,  and  the  reel  raised  to  its  horizontal 
position  ready  for  refilling.  By  this  operation  the  dust  is  not  only  taken 
from  the  powder,  but  the  grain,  from  being  rolled  over,  has  its  rough  sur- 
faces rubbed  off,  and  in  the  case  of  large-grain  powder,  a  sufficient  gloss 
is  imparted  without  its  having  to  be  passed  through  the  glazing  barrels. 

The  fine-grain  iK>wder  used  for  rifle  or  small  arms  has  a  much  larger 
proportion  of  dust  than  the  large-grain  powder,  and  is  therefore  dusted 
in  what  is  termed  a  '^  slope-reel,"  which  consists,  as  in  other  reels,  of  a 
skeleton  frsune  of  wood  fixed  by  radial  arms  on  a  central  shaft*^  and  lies 
at  an  incline  of  It^ltich  per  foot ;  the  covering  of  this  frame  is  of  very 
fine  canvas,  having  forty- four  meshes  per  inch,  and  the  reef  in  this  case 
has  no  ends;  it  is  also  much  smaller  than  the  horizontal  reel,  being  only 
20  inches  in  diameter  by  8  feet  in  length,  and  is  driven  at  38  revolutions 
l>er  minute. 

The  fine-grain  powder,  as  it  leaves  the  granulating  machine,  is  brought 
from  the  magazine  and  placed  in  the  feeding  hopper,  to  which  is  fixed  a 
loose  spout  for  guiding  the  powder  to  the  reel.  Attached  to  the  central 
shaft  are  three  ribs  or  cams  which,  as  the  reel  revolves^  come  in  contact 
with  and  shake  the  loose  guiding  spout,  imparting  to  it  135  vibrations 
per  minute,  thereby  eftectually  keeping  it  clear,  the  fine-grain  powder  at 
this  stage  being  very  apt  to  choke  up  the  hopper  and  spout. 

As  the  powder  passes  through  the  reel  when  in  motion  it  is  collected 
in  a  tub  at  the  lower  end;  from  this  it  is  emptied  back  again  into  the 
hopper  and  passed  through  the  reel  a  second  time ;  this  operation  is 
sometimes  performed  a  third  time.    The  fine-grain  thus  treated,  being 
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only  about  one  minate  in  the  reel,  has  had  no  gloss  imparted  to  it ;  the 
glazing  is  eftected  by  passing  it  through  a  glazing  barrel  before  it  is 
ready  for  the  drying-stove. 

THE  GLAZma  BARREL. 

Some  manuflActurers  glaze  large-grain  powder  by  using  black-lead, 
about  half  an  ounce  to  every  100  pounds  of  powder.  The  black-lead, 
with  the  powder,  is  put  into  a  glazing  barrel ;  about  one  hour  is  found 
sufficient  to  polish  the  grain.  Black-lead  is  also  sometimes  used  with 
the  fine-grain  powdery  although  its  use  has  some  advantages,  as  lessen- 
ing the  formation  of  dust,  and  preventing  moisture  from  affecting  the 
powder  so  readily,  still  it  is  an  impurity,  and  should  be  used  sparingly. 

Recently  plumbago  has  been  used  for  glazing,  and  if  pure  is  preferred 
to  black-lead;  a  little  more  than  half  the  quantity  is  sufficient  to  give  a 
perfect  glaze  to  the  i)owder,  and  protect  it  more  effectually  from  the 
action  of  moisture. 

The  apparatus  used  for  glazing  fine-grain  powder  is  placed  in  the  same 
house  as  the  dusting  reel.  It  consists  of  a  wooden  barrel  supported 
and  attached  to  a  shaft  running  through  its  center,  and  the  whole  re-, 
volves  at  40  revolutions  per  minute.  The  barrel  is  generally  made  of 
oak,  and  about  5  feet  long  by  3  feet  6  inches  in  diameter  at  the  center. 

A  set  of  glazing  barrels  consists  of  four,  each  pair  supported  on  a 
shaft.  These  shafts  are  of  wrought  iron,  covered  on  the  inside  of  the 
barrels  with  wood,  and  receive  their  motion  by  means  of  bevel  gearmg 
direct  fiY>m  a  main  shaft.  The  barrels  are  inclosed  in  wooden  casings 
with  feeding  hoppers  on  the  top.  Into  each  hopper  400  pounds  of  pow- 
der is  emptied;  the  barrels  are  turned  with  their  doors  uppermost,  to  re- 
ceive the  contents  of  the  hoppers.  The  apparatus  is  set  in  motion  and 
runs  irom  five  to  six  hours,  a  fine  gloss  being  imparted  to  the  powder  by 
the  friction  of  the  grains  against  each  other,  the  sharp  angles  and  cor- 
ners are  rubbed  off,  and  the  powder  improved  for  storage  or  for  trans- 
port. 

Each  pair  of  barrels  can  be  stopped  or  put  in  motion  at  pleasure,  by 
throwing  a  cluteh  in  or  out  of  gear ;  they  are  brought  to  rest  with  their 
doors  downwards.  These  being  unfastened  and  opened,  the  powder  is 
delivered  into  casks.  The  operation  produces  a  small  quantity  of  dust, 
which  is  removed  by  passing  the  glazed  powder  once  through  a  slope 
reel. 

At  this  stage  of  manufiekcture,  powder  contains  a  degree  of  moisture 
which  must  be  extracted  before  tlie  powder  is  fit  for  use  or  for  storage ; 
this  is  effected  in  the  drying  stove,  where  both  fine  and  large  grain  i)ow- 
der  can  be  dried  at  the  same  time. 

THE   DRYING   STOVE. 

The  drying  stove  is  a  close  chamber  heated  to  a  high  temperature  by 
steam ;  the  doors  and  windows  of  the  building  are  double  to  prevent  the 
loss  of  heat ;  the  interior  is  fitted  with  an  open  framework  of  wood  to 
support  the  trays  upon  which  the  powder  is  spread.  A  series  of  cast- 
iron  steam  pipes  (Plate  Y,  Fig  10),  of  twenty -two  lengths,  each  about  11 
feet  long,  with  an  external  diameter  of  7J  inches,  are  laid  a  few  inches 
above  the  floor ;  these  pipes  are  arranged  horizontally,  with  an  inclina- 
tion of  1  inch  in  11  feet  from  the  end  where  they  are  connected  to  the 
main  steam  supply  pipe,  which  is  in  direct  communication  with  the  boiler ; 
the  quantity  and  supply  of  steam  is  regulated  by  a  stop  valve. 
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As  the  steam  condenses,  the  water  runs  through  a  small  wrought-iron 
pipe  attached  to  the  ends  of  the  large  ones ;  these  drain  pipes  are  bent 
so  as  to  allow  for  the  expansion  and  contraction  of  the  large  pipes,  each 
length  of  which  is  supported  on  four  rollers  fitted  into  cast-iron  brackets, 
allowing  freedom  of  motion  laterally.  The  small  pipes  conduct  the  dis- 
tilled water  into  a  main  cast-iron  pipe  which  conveys  it  into  a  close 
tank,  whence  it  is  taken  to  the  incorporating  mills  and  used  for  dampen- 
ing the  charges.  The  drying  stove  is  about  32  feet  in  length  by  30  feet 
in  width,  and  ^m  10  to  11  feet  in  height ;  affords  about  10  cubic  feet  of 
space  to  every  square  foot  of  heating  surface. 

A  wooden  staging  erected  immediately  over  the  pipes  supports  the 
trays ;  these  are  wooden  frames  with  canvas  bottoms,  each  being  3  feet 
in  length  by  2  feet  6  inches  in  width,  and  about  1^  inches  deep,  upon 
each  of  which  from  6  pounds  to  8  pounds  of  gunpowder  is  spread  out 
evenly.  The  stove  contains  256  trays,  and  &om  30  to  40  barrels  of  pow- 
der can  be  dried  at  one  time. 

It  requires  about  four  hours  to  heat  the  stove  to  a  temperature  of  130^ 
Fahr.,  to  which  the  powder  is  subjected.  The  temperature  is  observe<l 
without  entering  the  drying  stove  b}''  a  large  thermometer  inside  the 
window.  The  powder  is  subjected  to  the  full  heat  for  sixteen  to  eighteen 
hours,  the  stop  valve  then  closed,  and  the  chamber  allowed  to  cool.  In 
two  to  three  hours  the  trays  may  be  removed.  One  stove  can  dry  a  full 
charge  every  twenty-four  hours ;  if  the  factory  is  large  two  stoves  are 
requ&ed,  with  the  steam  boiler  between  them  to  work  them  alternately. 
The  heat  must  be  applied  slowly  or  the  texture  or  shape  of  the  grain  is 
apt  to  change  by  being  cracked  or  burst  into  pieces.  The  moisture 
must  be  carried  away  as  it  arises,  to  prevent  injury  to  the  grain ;  the 
roof  and  bottom  of  the  drying  stove  have  ventilators  for  its  escape.  The 
ventilators  can  be  opened  f  mm  the  outside.  When  no  more  vapor  arises, 
tiie  ventilators  are  closed  and  the  powder  subjected  to  the  hot  dry  air  a 
few  hours  before  opening  the  doors. 

In  drying  powder  a  small  quantity  of  dust  is  produced,  which  is  re- 
moved by  a  dusting  wheel.  Large  grain  powder  is  reeled  for  half  an 
hour  in  a  horizontal  reel  covered  with  canvas,  having  twenty-four 
meshes  to  the  inch,  to  clean  it  from  dust  and  give  a  fine  £iished  gloss. 

Fine-grain  powder  is  run  for  two  hours  through  a  similar  slope-reel 
covered  with  canvas,  having  twenty  eight  meshes.  It  is  put  in  barrels 
provided  with  copper  or  ash  hoops,  the  heads  of  which  are  branded  with 
the  size  and  kind  of  powder.  The  gunpowder  is  now  ready  for  ase  or 
storage. 

In  a  given  quantity  of  "  mill-cake ''  the  proportions  obtained  are  as 
follows :  About  seven-tenths  large  grain,  two-tentlis  fine  grain,  and  one- 
tiCnth  dust ;  in  damp  weather,  however,  these  proportions  are  somewhat 
altered,  the  dust  being  considerably  increased. 

PACKING. 

Government  powder  is  packed  in  barrels  of  100  pounds  each.  Powder 
barrels  are  made  of  well  seasoned  white  oak,  and  hooj^ed  with  hickory 
or  cedar  hoops,  which  should  be  deprived  of  their  bark ;  tlie  cedar  is  not 
so  liable  as  hickory  or  white  oak  to  be  attacked  by  worms,  and  it  should 
therefore  be  used  in  preference ;  or  the  hoops  may  be  prepared  by  im- 
mersion in  a  sobition  of  corrosive  sublimate.  The  hoops  should  cover 
two-thirds  of  the  barrel.  Fine  grain  powders  may  be  packed  in  canvas 
bags  before  being  barreled.  Instead  of  a  bung  on  the  side,  a  screw-hole 
1.5  inches  in  diameter  is  made  In  the  head  of  the  barrel,  for  mortar  and 
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musket  powder ;  it  is  closed  by  a  wood>sciew  with  an  octagonal  head, 
which  must  not  project  beyond  the  ends  of  the  staves  t  under  the  heaa 
of  the  screw  is  a  washer  of  thin  leather,  steeped  in  a  solution  of  beeswax 
in  spirits  of  turpentine.  This  screw-plug  renders  it  unnecessary  to  take 
out  the  head  of  the  barrel,  and  the  hoops  may  therefore  be  secured  with 
copper  nails ;  for  transportation,  a  piece  of  cloth  should  be  glued  over 
the  head  of  the  plug.  Some  barrels  have  been  made  with  six  copx^er 
hoops,  and  others  with  four  copper  and  eight  or  ten  cedar  hoops ;  the 
copper  hoops  are  one  inch  Mdde  andone-eighth  of  an  inch  thick,  ^tened 
with  two  rivets  and  nailed  each  with  three  copper  nails  0.625  inch  long. 
Average  weight  of  a  hoop  2|  pounds. 

Powder  boxes  lined  with  galvanized  iron  and  copper  with  large  screw 
lids  are  now  on  trial,  holding  100  pounds* 

It  has  been  found  that  lining  powder  barrels  with  India-rubber  cloth 
has  an  injurious  effect  on  the  powder  in  consequence  of  the  affinity  of 
the  caoutchouc  for  sulphur. 

The  heads  of  powder  barrels  are  painted  bltidk  in  order  to  show  the 
marks  more  plainly  in  dark  magazines. 

DIMENSIONS  OF  POWDER  BABREI.S. 

Whole  length • 20.5  incheH. 

Length,  interior,  in  the  clear 18     inches. 

Interior  diameter  of  head , 14      inchen. 

Interior  diameter  of  bilge .-. * 16      inches; 

Tliicknesa  of  the  staves  and  heads 0. 5iBoh. 

Weight  of  the  barrel 25  pounds. 

The  barrels  have  generally  12  hoops,  14  to  16  staves,  and  two  or  three 
pieces  in  each  head.  The  dimensions  are  such  that  with  100  pounds  of 
powder  there  shall  be  a  vacant  space  in  the  barrel  to  allow  for  shaking 
to  prevent  caking.  The  barrel  wiU  hold  about  120  pounds  settled  by 
shaking. 

INSPECTION  OF  POWDER. 

The  inspector  of  gunpowder  should  satisfy  himself  before  its  reception 
as  to  the  purity  of  the  ingredients  employed  by  the  manufacturers,  and 
that  their  proper  preparation  and  careful  manipulation  through  all  the 
various  stages  of  manufacture  have  been  rigidly  observed. 

Before  powder  for  the  military  service  is  received  from  the  manufac- 
turer, it  is  inspected  and  proved.  For  this  pui-pose  at  least  50  barrels 
are  thoroughly  mixed  together.    One  barrel  of  this  is  proved. 

Musket  powder  should  be  fired  three  rounds  with  service  charges. 

Mortar  and  cannon  powder  should  be  fired  three  rounds  with  heaviest 
charges  in  a  field  and  siege  gun  respectively. 

Mammoth,  hexagonal,  cubical,  prismatic,  or  other  special  powders, 
three  rounds  with  battering  charges  from  the  guns  in  which  these 
powders  are  to  be  used. 

The  density  and  granulation  of  the  powder,  as  well  as  the  velocity  and 
pressure  obtained  in  its  proof,  should  conform  to  the  Ordnance  regula- 
tions in  these  respects,  for  the  particular  service  or  piece  for  which  the 
powder  is  required,  within  the  allowed  limits  of  variation. 

OSNXBAL  QUALITIES. 

Gunpowder  should  be  of  an  even-sized  grain,  angular  and  irregular  in 

formj  without  sharp  corners  and  very  hard.    When  new,  it  should  leave 

no  trace  of  dust  when  poured  on  the  back  of  the  hand,  and  when  flashed 

in  quantities  of  10  grains  on  a  copper  plate  it  should  leave  no  bead  or 
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foulness.  It  should  give  the  required  initial  velocity  to  the  ball,  and 
not  more  than  the  maximum  pressure  on  the  gun,  and  should  absorb 
but  little  moisture  from  the  air. 

SIZE  OF  OBAIN. 

The  size  of  the  grain  is  tested  by  standard  sieves  made  of  sheet  brass 
pierced  with  round  holes. .  Two  sieves  are  used  for  each  kind  of  powder^ 
]^os.  1  and  2  for  musket,  3  and  4  for  mortar,  5  and  6  for  cannon,  and  7 
and  8  for  mammoth  powder. 

A  compact  shape  of  grain,  approaching  the  cube  or  sphere^  is  desira- 
ble. Elongated  flat  sc^es  are  objectionable.  The  number  or  grains  in 
several  weighed  samples  should  be  counted. 

Diameter  of  holes  for  musket-powder No.  1,  0.03  in.;  No.  2,  0.06  in. 

Diameter  of  holes  for  mortar-powder No.  3,  0.10  in.;  No.  4,  0.25  in. 

Diameter  of  holes  for  cannon-powder No.  5,  0.25  in.;  No.  6,  0.5  in. 

Diameter  of  holes  for  mammoth-powder  .  .No.  7,  0.75  in.;  No.  8,  0.9  in. 
Hexagonal,  ^  Dimensions  of  these  powders  vaiy  with  the  caliber  of  the 
Cubical,        >     gun  in  which  they  are  used,  and  have  not  as  yet  been 
Prismatio.     )     definitely  determined  upon  hi  our  service. 

OBAVDCETEIO  DENSITY 

Is  the  weight  of  a  given  measured  quantity.    It  is  uFually  expressed 
by  tiie  weight  of  a  cubic  foot  in  ounces.    This  cannot  be  relied  upon  for 
the  true  density  when  accuracy  is  desired,  as  the  shape  of  the  grain  may 
make  the  denser  powder  seem  the  lighter.    Its  only  value  is  a  &Ax  idea 
(tf  the  value  of  air  space  in  a  given  weight. 
K  W   s  weight  in  ounces  of  one  cubic  foot  of  homogeneous  powder,  or 
the  specific  gravity  x  by  1,000  (assumed  weight  of  a  cubic 
foot  of  water  at  1,000  ounces) ; 
W  =r  weight  in  ounces  of  one  cubic  foot  of  same  powder  granulated, 
or  ascertained  gravimetric  density : 
then 

TIT/ 

;^  =  P  =  proportion  or  percentage  of  the  cubic  foot  occupied  by 
W 

the  powder, 

1  —  P  =  P'  ar  proportion  or  per  cent  of  the  cubic  foot  occupied 

by  the  air. 

SPSOIFIO  aRAVITY. 

The  specific  gravity  of  gunpowder  varies  fix)m  1.65  to  1.8.  It  is  imiK>r- 
tant  that  it  should  be  determined  with  accuracy.  Alcohol  and  water 
saturated  with  saltpeter  have  been  used  for  this  purpose ;  but  they  do 
not  furnish  accurate  results.    Mercury  only  is  to  be  relied  upon. 

Hardness  is  tested  by  breaking  the  grains  between  the  fingers ;  the 
hardness  is  judged  of  by  experience.  - 

THE    HEBCTJBY  DENSIMETEB. 

It  is  very  necessary  that  the  density  or  specific  gravity  of  the  powder 
should  be  most  accurately  determined.  For  this  delicate  operation  a 
very  ingenious  instrument  has  been  devised  by  Colonel  Mallet,  of  tbe 
French  army,  called  a  Mercury  Densimeter. 


and 
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On  a  small  table  a  kind  of  barometer  is  fitted  (Plate  YI,  Fig.  14),  bat 
inst'ead  of  the  glass  tube  being  closed  at  the  upper  end  and  all  in  one 
piece,  as  is  usual,  it  is  in  this  case  made  in  two  pieces  and  open  at  the 
top.  The  upper  part  is  about  24  inches  in  length,  and  is  connected  to 
the  lower,  which  is  10  inches  in  length,  by  means  of  a  closely  fitting  and 
perfectly  air-tight  screwed  metal  joint;  the  lower  part,  instead  of  being 
a  plain  parallel  tube  of  the  same  diameter  throughout  as  the  upper,  is 
made  in  the  form  of  a  globe  or  bulb,  and  on  the  neck  at  each  end  of 
it  a  metal  union  and  stop-cock  are  secured,  both  of  which  are  made 
perfectly  air-tight.  By  means  of  one  of  these  unions  this  glass  globe  or 
lower  half  of  the  instrument  is  attached  to  the  upper,  while  the  other 
union,  into  which  is  screwed  an  open  nozzle  or  metal  tube,  dips  into  a 
cup  fastened  to  the  table  filled  with  mercury.  On  another  table  stand- 
ing by  the  side  of  the  first  one  an  ordinary  air-pump  is  fixed,  with 
vacuum  gauge,  &c. 

It  will  readily  be  seen  that  if  the  upper  part  of  the  glass  tube  of  the 
densimeter  be  connected  with  the  air-pump,  and  the  air  be  extracted 
tvom  the  glass  tube  whilst  the  low^  tap  is  closed,  a  vacuum  will  be 
formed,  and  that  upon  opening  the  lower  tap  so  as  to  afibrd  a  fi^e  pas- 
sage for  the  mercury  in  the  cup,  it  will  rise  and. fill  the  glass  globe  and 
upper  portion  of  the  tube  to  such  a  height  as  will  balance  the  pre^ssure 
of  the  atmosphere,  thus  giving  a  column  of  mercury  of  precisely  the  same 
total  height  as  that  in  an  ordinary  barometer. 

To  use  the  instrument,  two  tables  are  placed  side  by  side,  the  open 
upper  end  of  the  glass  tube  of  the  densimeter  is  connected  with  the  air- 
pump  by  means  of  a  flexible  tube,  the  tap  on  the  upper  union  of  the 
densimeter  is  opened,  the  lower  one  is  closed. 

The  air-pump  is  worked;  as  soon  as  all  the  air  is  exhausted,  shown  by 
a  vacuum  gauge  attached  to  the  air-pump,  the  lower  tap  on  the  glass 
tube  immediately  below  the  globe  is  opened,  and  the  mercury  rushes 
into  the  tube;  when  it  ceases  to  rise,  the  two  metal  taps  are  closed,  and 
the  globe  part,  with  the  mercury  contained  therein,  is  removed  and  care- 
fully weighed.  All  the  mercury  is  now  emptied  back  again  into  the 
cup,  and  the  globe,  nearly  filled  with  a  known  weight  of  gunpowder, 
^ay  100  grammes,  is  then  reconnected  to  the  densimeter  under  the  same 
conditions  as  before,  and  the  air  again  exhausted  until  a  vacuum  is 
formed.  The  lower  tap  is  now  opened,  and  the  mercury  allowed  to  find 
its  way  in  and  rise  in  the  tube ;  the  mercury  rises  to  precisely  the  same 
height  in  the  tube  as  before;  but  the  globe  having  been  nearly  filled 
with  gunpowder  will  contain  less  mercury.  The  taps  on  the  lower  por- 
tion of  the  instrument  are  closed,  the  globe  part  removed  and  again 
weighed.  This  weight,  as  well  as  that  previously  ascertained  when  the 
globe  was  entirely  filed  with  mercury,  is  recorded,  and  from  these  two 
ascertained  weights  the  density  of  the  powder  can  readily  be  obtained 
by  the  following  rule: 

To  find  the  density  of  the  gunpowder ^  we  have  only  to  multiply  the  spe- 
cific gravity  of  the  mercury  by  the  weight  of  the  gunpowder  placed  in  the 
globe  of  the  densim^er^  and  divide  by  the  diffei*ence  in  weight  of  the  globe 
when  filled  tcith  mercury  only  and  ithen  filled  with  gunpowder  and  mercury^ 
plus  the  weight  of  the  powder  placed  in  the  globe;  the  result  will  show  the 
density  of  the  gunpowder  under  test. 

EXAMPLE. 

Grammes. 

Sippose  the  weight  of  globe  when  filled  with  mercury  to  he :^,  100 

And  the  weight  of  globe  when  filled  with  mercury  and  gnnpowder  to  be 2, 400 

The  difference  would  be •••      700 
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S.  G.,  specific  gravity  of  the  luercuiy. 
W.  G.  P.^  weight  of  guuiH>wder  in  the  bulb. 

D.  W.,  difference  in  weight  of  globe  when  filled  withmercnrv  only,  and  when  filled 
with  gunpowder  and  mercury. 

S.G.  W.G.P. 

then  13.57  X  100  =  1357.00 

D.w.       W.G.P. =:  1.69(5,  the  density  of  the  gunpowder  tested  ; 

and    700    +  100  ==      800  ^  ^     V 

SPECIFIC  GRAVITIES  OF  LARGE-GRAINED  POWDERS. 

The  instrumeut  employed  for  determining  the  specific  gravities  of 
large-grained  powders  was  constructed  after  the  plan  of  one  designed 
by  the  Messrs.  Du  Pont  de  Nemours  &  Co.,  and  employed  by  them  with 
very  satisfactory  results  at  their  works  near  Wilmington,  Del.  It  is 
a  mercury  densimeter,  adapted,  by  its  construction,  to  the  reception  of 
large  grains,  and  having  capacity  for  five  pounds  of  powder,  which, 
for  convenience,  is  the  weight  of  sample  always  employed.  It  differs, 
however,  from  the  small  densimeter  in  onlinary  use  by  a  combination 
of  the  different  parts,  such  that,  the  reservou*  for  containing  the  pow- 
der and  mercury  to  be  weighed,  and  the  balance  by  means  of  which  the 
weighings  are  made,  are  assembled  together  in  one  instrument.  The 
balance  also  is  so  adapted  to  its  special  i)urpose  as  to  simplify  consider- 
ably tlie  subsecjueiit  process  of  calculation.  A  great  saving  of  labor 
and  time  is  gained  by  this  form  of  the  instrument,  and  the  occurrence 
of  breaks  and  leaks,  so  frequent  in  the  smaller  one,  is  in  great  measure 
avoided.  Again,  from  the  much  larger  sample  of  jwwder  employed,  a 
fair  representative  result  of  the  specific  gravity  of  the  entire  lot  is  more 
likely  to  be  secui*ed. 

DESCRIPTION   OF  THE  INSTRUMENT. 

Plate  VII.  To  describe  more  particularly,  the  instrument  consists  of 
three  principal  parts,  to  wit :  A  beam-scale,  A,  a  reservoir,  B,  to  contain 
the  iKiwder  and  mercury  to  be  weighed,  and  a  bowl,  C,  to  contain  mer- 
cury alone.  In  connection  therewith,  an  air-pump,  D,  is  employed,  the 
cylinder  of  which  has  communication  with  the  interior  of  the  reservoir 
thi*ough  a  rubber  tube  leading  from  the  nozzle  z,  of  the  pump,  to  the 
glass  tube  a,  at  the  top  of  the  reservoir.  The  balance  is  suspended  from 
a  hook,  b,  firmly  secured  to  the  roof  of  the  housing,  and  its  axis  of  sus- 
pension is  a  knife-edge  lying  in  the  same  plane  with  the  axes  of  suspen- 
sion of  the  rods  c  and  d  and  of  the  reservoir  B.  Platforms  e  and /are  at- 
tache<l  to  the  suspension  rods  c  and  dy  on  which  to  place  the  weights. 
The  latter  consists  of  i)ounds,  tenths  of  a  pound,  and  five-hundredths  of 
a  pound,  marked  in  reference  to  the  weights  they  will  balance  in  the, 
reservob,  and  of  a  large  unmarked  weight  W,  termed  the  counterpoise* 
This  counterpoise  has  a  cavity'  boiled  in  it  lengthwise,  the  use  of  which 
will  appear  hereafter;  its  weight  is  about  8. pounds.  The  long  arm  of 
the  beam  is  also  grailuated,  and  by  means  of  ''riders, "  or  sliding  weights, 
the  weighings  can  be  made  to  hundredths  and  thousandths  of  a  pound ; 
the  graduated  edge  of  the  beam  is  in  the  same  plane  with  the  knife-edges. 
h  and  i  are  counterpoises  admitting  of  movement  on  screw  spindles 
passing  through  them,  in  directions  that  are  respectively'  parallel  and 
peri>endicular  to  the  beam.  The  former  is  used  to  adjust  the  arms  to 
the  same  weight,  the  latter  to  regulate  the  sensibility  of  the  beam.  In 
coimection  with  the  counterpoise  /i,  a  light  wire  A*  is  sometimes  use<l 
along  the  beam  to  facilitate  the  adjustment  of  the  arms.  The  beam  and 
its  appurtenances  proper  are  of  brass. 

8  ORD 
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The  reservoir  B  is  of  cast  iron,  and  swings  on  trunnions  in  the  yoke  E. 
It  also  admits  of  a  horizontal  angular  movement  about  the  vertical 
pivot  U  connecting  the  yoke  with  the  supension  stirrup  m.  A  screw-cap, 
n,  fitted  with  a  leather  washer,  covers  the  mouth  of  the  reservoir,  and 
when  removed,  for  the  purpose  of  introducing  powder,  is  attached  to  the 
hook  0,  on  the  outside  of  the  yoke,  so  as  to  be  included  in  the  weighing. 
The  mercury  is  admitted,  or  withdrawn,  through  the  stop-cock  «. 

The  conical  ends  of  the  reservoir  are  cast  in  separate  pieces  and  are 
afterwards  screwed  on  to  the  cylinder,  the  joints  being  well  leaded. 
Careful  workmanship  is  requisite  to  prevent  the  formation  of  a  ledge,  or 
recess,  at  these  joints,  which  might  serve  to  retain  sufficient  portions  of 
the  mercury  to  affect  the  accuracy  of  the  subsequent  weighings. 

The  diaphragms  of  wire  and  of  leather,  usually  employed  to  cover, 
respectively,  the  upper  and  lower  apertures  of  the  reservoir,  are  not 
required  in  this  instrument.  The  capacity  of  the  reservoir  is  about  78 
pounds  of  mercury,  or  40  pounds  of  mercury  and  5  pounds  of  powder. 
The  mouth  is  2 J  inches  in  diameter,  and  the  sample  of  powder  fills  the 
reservoir  to  about  the  top  of  the  cylindrical  portion.  The  weight  of  the 
reservoir  is  20J  i)Ounds. 

The  bowl  C  is  of  cast  iron,  and,  by  means  of  the  crank  H,  can  be  raised 
or  lowered  vertically.  An  outlet  pipe,jp,  at  the  bottom  of  the  bowl,  and 
furnished  with  a  stop-cock,  i)ermits  the  discharge  of  the  mercury  when 
desired. 

The  air-pump  is  one  of  Kitchie's,  in  which,  the  cylinder  remaining 
stationary,  the  oscillation  takes  place  in  the  connecting-rod,  which  com- 
municates the  motion  of  the  handle  to  the  piston-rod. 

PROCESS  OF  DETERMININa  THE  SPECIFIC  GRAVITY  OF  A  SAMPLE  OF 

POWDER. 

The  beam  is  first  accurately  balanced  by  means  of  the  counterpoise  kj 
and  the  bowl  filled  with  mercury  and  run  up  till  the  nozzle  of  the  reser- 
voir is  well  immersed  below  the  surface.  The  large  counterpoise  W  is 
then  placed  on  the  platform  suspended  from  the  shorter  arm,  the  rubber 
hose  slipped  over  the  top  of  the  glass  tube  of  the  reservoir,  the  air  ex- 
hausted by  means  of  the  pump,  and  the  stop- cock  «  opened  to  admit  the 
mercury.  The  pumping  is  continued  during  the  ingress  of  the  mercury, 
and  when  the  latter  has  risen  to  a  fixed  mark,  indicated  on  the  glass 
tube,  the  stop-cock  is  closed  and  the  rubber  hose  removed.  UsuaUy  it 
is  necessary  to  run  off  a  little  of  the  mercury  and  lower  its  upper  surface 
to  the  fixed  mark.  The  balance  of  the  beam  is  now  restored  by  dropping 
fine  shot  into  the  cavity  of  the  counterpoise  W,  the  weight  of  the  latter 
being  slightly  less  than  the  weight  of  the  filled  resen^oir ;  this  done,  the 
stop-cock  8  is  opened  and  the  reservoir  emptied.  The  counterpoise  W 
is  then  replaced  by  the  5-pound  weight,  the  screw-cap  removed  and 
hooked  to  the  yoke,  and  a  sufficient  quantity  of  the  powder  to  be  tested 
introduced  into  the  reservoir  to  balance  the  5-pound  weight.  The  screw- 
cap  is  then  replaced,  the  counterpoise  W  added  to  the  5-pound  weight, 
and  the  reservoir  filled  with  mercury,  by  means  of  the  air-pump,  to  the 
same  height  as  before.  The  equii)oise  is  now  restored  (the  rubber  tube 
having  been  removed)  by  placing  weights  on  the  platform  suspended 
from  5ie  longer  arm  of  the  beam,  and,  in  addition,  by  the  "riders''  on 
the  beam,  if  neoessarj'.  The  sum  of  these  weights  is  the  weight  of  the 
mercury  displaced  by  the  powder,  or  of  a  volume  of  mercury  equal  to  the 
volume  of  the  powder,  and  the  specific  gravity  of  the  latter  results  from 
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the  well-established  principle  that  the  specific  gravities  of  two  substances 
are  proportional  to  the  weights  of  equal  volumes  of  those  substances. 

Denote  the  sum  of  the  weights  on  the  longer  arm  by  W,  the  weight 
of  the  powder  by  tr,  and  the  specific  gravity  of  the  mercury  at  the  tem- 
perature of  the  time  of  observation  by  D,  and  we  shall  have  for  the 
specific  gravity  of  the  powder,  denoted  by  d  : 


d=D 


w 


W 


In  the  use  of  this  form  of  the  densimeters  the  weighings  not  only  are 
rapidly  and  accurately  made,  but,  it  is  to  be  observed,  the  actual  weights 
required  for  the  computation  are  obtained  directly  by  a  discriminative 
process  peculiar  to  the  balance.  To  simplify  further,  the  weights  for 
the  longer  arm  are  marked  double  their  actual  value  in  reference  to  the 
reservoir,  so  that  in  the  computation  the  specific  gravity  is  obtained  by 
setting  the  decimal  point  in  the  value  of  D  one  place  farther  to  the 
right,  and  dividing  by  the  value  of  W,  as  indicated  on  the  weights, 
the  effect  being  the  same  as  multiplying  by  2  both  terms  of  the 

fraction 


w 
W 


Form  of  record  of  oomputatUyn. 


Sample. 

Double  weights  cor- 
responding to  equal 
volumes  or— 

Temperature  of 
mercury. 

Specific  gravity 
of  mercury  cor- 
responding  to 
observed  tem- 
perature. 

Specific  gravity 
of  powder, 

10  X  D 

Powder,  '  Mercury, 
w.              W. 

W' 

Da  Pout's  hexagonal  P*.U.        10 

76.94 

60^ 

1 

13. 54688                    1. 7603 

1 

Owing  to  the  considerable  bulk  of  the  sample  employed  with  the  large 
densimeter,  and  the  comparatively  large  weights  of  powder  and  mer- 
cury that  consequently  enter  the  formula  for  the  computation  of  the 
specific  gravity,  very  close  weighing  with  this  instrument  is  not  abso- 
lutely requisite.  A  variation,  for  instance,  of  46  grains  in  the  actual 
Vsdue  of  tr,  or  of  350  grains  in  that  of  W,  would  affect  the  resulting 
specific  gravity  by  only  two  points  in  the  third  place.of  decimals.  This 
feature  is  one  of  great  practical  utility,  as  it  enables  us  to  dispense  with 
very  small  weights,  and  to  abridge  considerably  the  operations  of 
weighing. 

INITIAL  OR  MUZZLE  VELOCITY. 

This  is  determined  by  any  of  the  electro-ballistic  machines  available ; 
the  Bouleng^  chronograph  is  one  of  the  simplest  and  most  generally 
used  for  proof  of  powder.  For  a  full  description  and  use  of  the  instru-. 
ment,  see  Ordnance  Memoranda,  No.  25. 

STRAIN  UPON  THE  GUN. 

_  •  

This  is  determined  by  the  Rodman  pressure-gauge.  For  deserii  tion 
and  use  of  the  instrument,  see  Ordnance  Memoranda,  No.  25. 

DETERMINATION  OF  MOISTURE  AND  RESISTANCE  TO  MOISTURE, 

The  amount  of  moisture  in  powder  is  determined  by  drying  samples  in 
an  oven  with  a  water  bottom  (Plate  Xa).    A  vessel  of  tin,  double- 
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walled,  except  the  face  contaiDing  the  door,  is  fitted  at  the  t^p  with  an 
opening  for  the  introduction  of  water ;  the  door  is  doable ;  the  inner 
skin  lining  has  perforations  at  the  toj)  to  allow  the  escape  of  moisture 
given  up  by  the  powder.  Ledges  on  the  inside  of  the  oven  support  the 
powder  trays.  Before  use,  the  water  space  is  filled  with  boiling  water ; 
a  spirit  lamp  keeps  up  the  heat ;  the  supply  of  water  is  kept  up  to  com- 
pensate for  evaporation. 

The  powder  is  subje<;ted  to  heat  as  long  as  it  loses  weight,  the  loss 
indicating  the  percentage  of  moistui*e  driven  off.  On  being  removed 
from  the  oven  it  should  be  transferred  at  once  to  .perfectly  clean,  dry, 
air-tight  weighing  bottles. 

The  ability  to  resist  moisture  is  determined  by  subjecting  samples 
which  have  been  dried  td  exposure,  first  in  open  air,  then  in  a  hygro- 
scope  containing  a  solution  of  niter  at  100^  cooled  to  80^  Fahr. 

The  hygroscope  (Plate  Xb  is  an  air-tight  box  in  which  the  powder  is 
subjected  to  a  damp  atmosphere  at  a  uniform  temperature  for  24  hours. 
It  consists  of  a  box  lined  with  copper,  with  a  space  of  two  inches  be- 
tween packed  with  hair.  The  lid  is  double  also,  "like  the  sides,  in  con- 
struction ;  an  India  rubber  gasket  covers  the  edges  of  the  top,  which  is 
screwed  firmlv  down  with  thumb-screws.  Inside  the  box  is  a  movable 
perforated  tray  of  copper  resting  on  ledges  8.5.  inches  by  8.5  inches. 
The  intervening  spaces  have  water-tight  trays  on  ledges  filled  with  a 
solution  of  niter. 

The  powder  to  be  tested  is  placed  in  circular  cups  of  copper  with  fine 
wire-gauze  bottoms,  affording  free  access  of  moisture  to  all  parts  of  the 
sample  under  test.  The  percentage  of  gain  is  determined  by  weighing 
the  powder  in  carefully  prepared  bottles  on  opening  the  hygroscope, 
A  careful  record  is  kei)t  of  the  barometer,  hygrometer,  external  and 
maximum  and  minimum  internal  thermometers. 

INCORPORATION. 

On  breaking  the  grains,  a  fine  uniform  ashengray  color  throughout 
should  appear ;  the  grain  texture  should  be  close,  without  white  specks 
even  when  magnified.  "  Flashing ''  on  glass  or  porcelain  plates,  small 
copper  measures  for  fine-grain  powders  inverted  on  the  plates,  keeps  the 
heap  nearly  the  same  at  each  trial.  The  powder  should  be  in  small 
conical  heaps ;  if  the  incorporation  is  good,  only  smoke  marks  remain 
on  the  plate  after  flashing ;  if  bad,  specks  of  undecomposed  niter  and 
sulphur  will  form  a  dirty  residue.  The  test  requires*  experience  to  in- 
sure good  judgment. 

Tlie  relative  incori)oration  is  determined  by  the  balance ;  the  greater 
increase  of  weight  on  tlie  plate,  the  less  satisfactory  the  powder  in  this 
respect.    Moist  powder  flashes  badly. 

ANALYSIS  OF  GUNPOWDER. 
I 

Pulverize  75  grains,  place  in  a  glass  beaker  with  eight  ounces  of  dis- 
tilled water;  stir  rapidly  with  a  glass  rod ;  when  clear,  test  with  litmus 
paper  for  acids  and  with  tumeric  for  alkalies.  AVash  repeatedly  to  re- 
move all  the  sulphur  and  charcoal,  and  examine  the  residuum  with  a 
microscope  for  coarse  particles  of  either  or  foreign  substances.  Deter- 
mine the  amount  of  moisture  by  pla<5ing  45  grains  of  powder,  ground 
fine,  in  a  watch  crystal,  dry  thoroughly,  and  cover  the  crystal  with  an- 
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other.    The  weight  of  dish  and  cover  being  known,  the  loss  of  weight  due 
to  moisture  confined  in  them  is  found. 

%   DETERMINATION  OF  THE  SULPHUR. 

Put  the  45  grains  of  dry  powder  in  a  pipette,  having  a  wad  of  heated 
asbestos  in  the  narrow  part ;  verify  the  weight  of  the  pipette  and  wad ; 
insert  the  pipette  into  a  hole  in  the  cork  of  a  small  weighed  flask ;  treat 
the  powder  with  50  c  c  of  rectified  bisulphide  of  carbon,  remove  the  pip- 
ette and  cork,  recork  the  flask,  and  distil  off  the  bisulphide  of  carbon 
for  future  use. 

A  sand-bath  is  used  during  distillation,  which  must  proceed  very 
slowly,  the  flask  being  raised  above  the  sand,  which  must  not  become 
too  warm.  The  percentage  of  sulphur  is  calculated  from  the  weight 
thus  obtained.  One-tenth  per  cent,  is  added  to  the  amoimt  of  sulphur, 
as  that  quantity  generally  remains  in  the  powder  after  the  treatment 
with  the  bisulphide  of  carbon. 

DETERMINATION  OF  NITER. 

The  pix>ette  containing  the  residue  is  fixed  in  a  small  weighed  flask, 
the  portion  above  the  crook  being  wrapped  in  muslin.  The  tube  of  the 
flask  is  connected  with  an  air-pump  by  a  rubber  tube,  and  the  contents 
of  the  pipette  treated  with  40  c  c  of  distilled  water ;  work  the  pump 
carefully  to  allow  the  water  to  enter  the  flask  by  drops :  to  prevent 
crystallization  of  the  dissolved  niter  in  the  narrow  part  or  the  pipette, 
cold  water  is  first  used,  then  warm,  and  lastly  hot.  Drench  the  muslin 
on  the  pipette  with  water  of  the  same  temperature  as  that  for  dissolv- 
ing the  niter.  When  the  fla«k  contains  40  c  c  of  the  niter  solution,  re- 
move the  pipette  and  evaporate  the  water  on  a  sand-bath,  removing  the 
flask  occasionally,  and  cool  as  the  solution  becomes  saturated.  AVhen 
the  niter  is  crystalized,  it  is  heated  until  it  and  the  flask  are  quite  dry ; 
the  weight  of  the  niter  is  then  taken. 

DETERMINATION  OF  THE  CHARCOAL. 

The  asbestos  wad  and  a  large  part  of  the  charcoal  are  pushed  out  o^ 
the  pipette  by  a  wire  into  a  watch  glass ;  the  pipette  and  watch  glass 
and  contents  dried  and  weighed;  the  weight  of  the  pipette,  watch  glass 
and  abestos  being  kno^vn,  that  of  the  charcoal  is  obtained.  The  weight 
added  to  the  sulphur  is  of  course  deducted. 

INSPECTION    REPORT. 

The  report  of  inspection  should  show  the  place  and  date  of  fabrication 
and  of  proof,  the  kind  of  i)owder  and  its  general  qualities,  as  the  num- 
ber of  grains  in  100  grains,  its  specific  gravity,  whether  hard  or  soft, 
round  or  angular,  of  uniform  or  irreguhir  size ;  whether  free  from  dust  or 
not;  the  initial  velocities  and  pressures  per  square  inch  obtained  in  each 
fire;  the  amount  of  moisture  absorbed;  and,  finally,  tlie  height  of  the 
barometer  and  hygrometer  at  the  time  of  proof. 

MARKS  ON  THE  BARRELS. 

Each  barrel  is  marked  on  both  heads  (in  white  oil-colors,  the  head 
painted  black)  with  the  number  of  the  barrel,  the  name  of  the  manu- 


118 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


facturer,  year  of  fabrication,  and  the  kind  of  powder,  oannouj  mortar  or 
musket,  &c.,  the  mean  initial  velocity,  the  pressure  per  square  inch  on 
the  pressure-piston,  and  density.  Each  time  the  powder  is  proved,  the 
initial  velocity  is  marked  below  the  former  proofs^  and4he  date  of  the 
trial  opposite  it. 

BESTORINa  UNSERVICEABLE  POWDER. 

When  powder  has  been  damaged  by  being  stored  in  damp  places,  it 
loses  its  strength,  and  requires  to  be  worked  over.  If  the  quantity  of 
moisture  absorbed  does  not  exceed  7  per  cent.,  it  is  sufficient  to  dry  it  to 
restore  it  to  service.  This  is  done  by  exposing  it  to  the  sun,  or  in  a 
drying  room. 

When  powder  has  absorbed  more  than  7  per  cent.,  of  water,  it  is  sent 
to  the  powder-mills  to  be  worked  over,  or  sold  as  condemned  powder. 

When  it  has  been  damaged  with  salt  water,  or  become  mixed  with 
foreign  matters  which  cannot  be  separated  by  sifting,  the  saltpeter  is 
dissolved  out  from  the  other  materials  and  collected  by  evaporation. 

Proportions  of  ingredients. 


By  the  atomic  theory i 

lu  the  United  'States :  j 

For  the  military  service  (the  latter  proportion  is  generally  used) .  <  \ 

Fbr  sporting J  | 

In  England,  same  as  United  States :  ' 

For  the  miluary  service 


For  sporting  i 

In  France  (Wotteren  powder  has  given  best  results ;  many 
experiments  have  been  made  with  var^'ing  proportions) : 

For  the  military  service 

For  sporting 

For  blasting 

In  Prussia,  same  as  England  and  United  States : 
For  the  military  service 

In  Spain : 
For  the  military  service 

In  Austria : 
For  the  military  service 


Saltpeter. 

1 
CharcoaL 

Solphnr. 

74.64 

13r51 

1L86 

78. 
75. 
78. 

77. 

14. 
15. 
12. 
13. 

10. 
10. 
10. 
10. 

75. 
78. 
76. 

16. 
14. 
17. 

10. 
8. 
8. 

73.776 

78. 

62. 

14  206 

12. 

18. 

i2.oac 

10. 
20. 

76. 

15.        1 

10. 

76.5 

12.7.     ■ 

1 

10.8 

74. 

16. 

10. 

PRESEEVATION,  STORAGE,  AND  TRANSPORTATION. 

In  the  powder-magazines  the  barrels  are  generally  placed  on  the  sides, 
three  tiers  high,  or  fours  tiers,  if  necessary.  Small  skids  should  be  placed 
on  the  floor  and  between  the  several  tiers  of  barrels,  in  order  to  steady 
them,  and  chocks  should  be  placed  at  intervals  on  the  skids  to  prevent 
the  rolling  of  the  barrels.  The  powder  should  be  separated  according 
to  its  kind,  the  place  and  date  of  fabrication,  and  the  proof-range. 
Fixed  ammunition,  especially  for  cannon,  should  not  be  put  in  the  same 
magazine  with  powder  in  barrels,  if  it  can  be  avoided. 

Fireworks  should  never  be  stored  in  powder  magazines. 

In  a  room  13  or  14:  feet  wide,  the  barrels  may  be  arranged  in  a  double 
row  in  the  center,  two  alleys  2J  feet  wide,  and  two  single  rows  6  to  12 
inches  from  the  walls ;  in  this  way  the  marks  of  each  barrel  may  be  seen 
and  any  barrel  can  be  easily  reached.  In  a  room  12  feet  wide,  an  equal 
number  of  barrels  may  be  placed  in  two  double  rows,  with  a  central 
alley  of  3  feet,  and  two  side  alleys,  next  the  walls,  of  about  10  inches 
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«acli.  There  should  be  an  uDeucambered  space  of  6  or  8  feet  at  the 
door  or  doors  of  the  magazine. 

Should  it  be  necessary  to  pile  the  barrels  more  than  four  tiers  high, 
the  upper  tiers  should  be  supported  by  a  frame  resting  on  the  floor ;  or 
the  barrels  may  be  placed  on  their  heads,  with  boards  between  the  tiers. 

Besides  being  recorded  in  the  magazine  book,  each  parcel  of  powder 
should  be  inscribed  on  a  ticket  attached  to  the  pile,  showing  the  entries 
and  the  issues. 

For  the  preservation  of  the  powder  and  of  the  floors  and  lining  of  the 
magazine,  it  is  of  the  greatest  importance  to  preserve  unobstructed  the 
circulation  of  air  under  the  flooring  as  well  as  above.  The  magazine 
should  be  opened  and  aired  in  clear,  dry  weather,  wlien  the  temperature 
qf  the  air  autMe  is  lower  than  that  inside  the  mojgazine.  It  should  not  be 
opened  in  damp  weather  if  it  can  be  avoided.  The  ventilators  must  be 
kept  free ;  no  shrubbery  or  trees  should  be  allowed  to  grow  so  near  as  to 
protect  the  building  from  the  sun.  The  magazine  yard  should  be  paved 
and  well  drained.  The  moisture  of  a  magazine  may  be  absorbed  by 
chloride  of  lime  suspended  in  an  open  box  under  the  arch,  and  renewed 
from  time  to  time ;  quicklime  is  dwgerous,  and  should  not  be  used. 

The  sentinel  or  guard  at  a  magazine,  when  it  is  open,  should  have  no 
flre-arms,  and  every  one  who  enters  the  magazine  should  take  off  his 
shoes,  or  put  socks  over  them:  no  sword  or  cane,  or  anything  which 
might  occasion  sparks,  should  be  carried  in. 

The  windows  should  have  inside  shutters  of  copper  wire-cloth.  Fire 
should  never  be  kindled  near  the  magazine  for  the  repair  of  the  roof  or 
lightning  rods. 

Barrels  of  powder  should  not  be  rolled  for  transportation ;  they  should 
be  carried  in  hand-barrows,  or  slings  made  of  rope  or  leather.  In  mov- 
ing powder  in  the  magazine,  a  cloth  or  carpet  should  be  spread;  all  in- 
struments used  there  shoula  be  of  wood  or  copper,  and  the  barrels  should 
never  be  repaired  in  the  magazine.  •  When  it  is  necessary  to  roll  the 
powder  for  its  better  preservation  and  to  prevent  its  caking,  this  should 
be  done,  with  a  small  quantity  at  a  time,  on  boards  in  the  magazine 
yard. 

In  the  spring  an  inspection  of  the  barrels  should  be  made,  and  the 
hoops  swept  with  a  brush  wherever  they  can  be  got  at,  to  remove  the 
insects  which  deposit  their  eggs  at  this  season. 

In  wagons,  barrels  of  powder  must  be  packed  in  straw,  secured  in 
such  a  manner  as  not  to  rub  against  each  other,  and  the  load  covered 
with  thick  canvas. 

In  transportation  by  railroad,  each  barrel  should  be  careftilly  boxed 
and  packed,  so  as  to  avoid  all  friction.  The  barrels  should  have  a  thick 
paulin  under  them.  The  cars  should  have  springs  similar  to  those  of 
passenger  cars. 

MAGAZINES. 

A  plan,  sections,  and  elevations  of  a  magazine  approved  by  the  War 
Department  is  shown  on  Plate  XI.  It  is  built  of  brick,  the  walls  are 
1.5  feet  thick,  provided  with  air-chambers  and  ventilating  passages, 
connecting  with  the  interior  of  the  magazine  and  exterior  air.  A,  are 
the  air  chambers  in  the  body  of  the  wall :  B,  communications  between 
air  chambers  and  interior  of  magazine;  C,  air-passages;  D,  communi- 
cations between  upi)er  and  lower  air-passages ;  £,  communications  be- 
tween upper  air-passages  and  exterior  air ;  F,  communications  between 
lower  air  passages  and  interior  of  magazine;  G,  lower  surfaces  of  pro* 
jections  of  the  roof,  to  be  sealed  with  tin,  perforated  with  small  hc^ea, 
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and  painted  on  both  sides  to  obtain  free  circulation  of  air  under  the 
roof.  The  covering  of  the  roof  is  slate ;  gutters  and  spouts  copper. 
The  ceiling  is  composed  of  light  flat  arches  sprung  from  iron  beams. 
For  details  of  construction,  see  Plate  XI. 

A  magazine  60  by  40  feet,  of  this  construction,  is  ample  for  the  service 
of  most  of  our  arsenals. 

A  small  vestibule  with  double  doors  may  be  added.  An  interior  door 
of  wire  should  be  provided,  and  wire  screens  for  the  two  windows  at  the 
end  of  the  magazine  opposite  the  door.  The  interior  of  the  magazine 
may  be  sheathed  to  a  height  of  5  feet,  with  clear  narrow  boards,  one 
inch  from  the  walls. 

Magazines  at  arsenals  shoOld  be,  when  practicable,  protected  by  arti- 
flcial  traverses,  and  located  as  far  from  other  buildings  as  the  arsenal 
site  will  admit.    The  site  should  be  thoroughly  drained. 

For  powder  depots,  magazines  of  a  capacity  of  5,000  barrels  should 
be  built  in  preference  to  smaller  ones ;  they  should  be  protected  from 
each  other  by  hiUs,  natural  or  artificial  traverses ;  be  located  far  away 
fix)m  other  powder-mills  or  laboratories  and  buildings  on  the  reserva- 
tion, and  capable  of  thorough  drainage  and  free  ventilation. 

Service  magazines  constructed  of  light  wrought-iron  beams,  sheathing, 
&c.,  with  working  drawings,  were  furnished  the  department  by  the  late 
Oeneral  Bodman,  in  1866.  In  future  constructions,  this  or  some  kin- 
dred plan  will,  no  doubt,  be  fully  considered. 

POWDER  DEPOTS. 

Large  depots  for  storage  of  powder,  materials  for  its  manufacture' 
and  a  powder  factory  for  making  experimental  powders,  establishing  the 
best  method  of  insuring  uniformity  of  manufacture  of  service  powders, 
and  maintaining  a  high  uniform  standard  of  the  various  kinds  of  pow- 
der required  for  smaU-arms,  field, 'siege,  and  heavy  ordnance  obtained 
from  private  manufacturers,  has  been  long  recognized  as  a  paramount 
need  of  the  Ordnance  Department. 

One  such  depot,  for  storage  of  powder  only,  has  been  established  near 
Saint  Louis;  a  part  of  the  government  reservation  at  Jeflferson  Barracks 
having  been  taken  for  the  x>urpose,  and  a  number  of  magazines  capable 
of  storing  50,000  barrels  of  powder  erected.  The  ground  selected  is 
suitably  located  and  isolated,  well  drained,  the  magazines  separated 
from  each  other,  and  protected  by  natural  traverses.  It  has  also  con- 
venient railroad  and  water  connections  with  the  West,  South,  and  North- 
west. 

A  suitable  large  powder-depot  with  government  powder-mill  is  now 
greatly  needed  on  the  Atlantic  coast.  Surveys  of  tracts  have  been  and 
will  be  be  made  and  a  suitable  one  recommended,  the  following  consid- 
erations governing  its  selection: 

1st.  That  the  depot  should  be  in  a  region  of  country  which  does  not 
admit  of  being  populated,  so  that  destniction  of  life  and  property  in 
case  of  accident  would  be  a  minimum. 

2d.  The  tract  should  be  sufficient  in  extent  to  contain  suitable  posi- 
tions for  magazines  for  storage  of  10,000  tons  of  powder,  material  for  its 
manufacture,  &c.,  and  the  necessary  buildings  for  a  government  pow- 
der-mill. 

3tl.  It  should  be  near  enough  to  rail  and  water  transportation  to  afford 
facilities  of  transportation  to  the  seaboard,  interior,  and  the  lakes,  hav- 
ing a  short  line  of  government  railroad  connecting  the  site  with  rivers 
and  trunk-lines. 
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Magazines  at  our  arsenals  are  of  but  limited  capacity,  and  endanger 
large  amounts  of  public  as  well  as  private  property,  and  have  become  a 
great  source  of  complaint.  Storage  of  powder  at  the  magazines  of  our 
seaboard  forts  is  very  objectionable,  as  powder  so  stored  deteriorates 
very  rapidly.  At  present  there  are  on  hand  2,500  tons  of  powder  and 
3,000  tons  of  niter  stored  at  insecure  and  unsuitable  places,  which  should 
be  properly  provided  for  without  unnecessary  delay. 

•      LIGHTNING  CONDUCTORS. 

(Condensed  from  a  "Circular  memorandum"  issued  by  Greneral  Bur- 
goyne,  inspector  general  of  fortifications,  British  army,  from  the  re- 
searches of  Sir  William  Snow  Harris,  F.  E.  S.,  1858.)    Plate  XII. 

It  appears  to  be  established — 

That  metal  in  a  building,  whether  disposed  of  in  the  form  of  a  conductor 
or  otherwise,  never  attracts  lightning. 

That,  provided  the  surfaces  of  metals  are  not  interrupted  by  bodies 
IK>ssessing  a  less  conducting-power,  a  building  entirely  of  metal  will  be 
the  safest  of  all,  and  that  such  buildings  require  no  further  lightning- 
conductors  than  connection  with  the  earth  over  the  masonry  foundations 
on  which  they  are  often  laid. 

That,  with  regard  to  a  building  of  brick  or  stone,  the  object  must  be 
to  establish  a  sufficient  number  of  lines  of  electrical  conductors,  extending 
from  its  most  elevated  and  prominent  points  to  the  ground;  and,  further 
bring  the  building  into  a  condition  similar  to  that  of  a  metal  building 
by  means  of  other  conductors  generally  attached  to  more  prominent  lines 
of  the  building  itself,  such  as  the  ridges,  angles,  and  eaves. 

There  is  no  advantage,  but  the  contrary,  in  endeavoring  to  insulate 
the  conductors  from  the  building. 

The  best  material  for  conductors  is  copper,  either  in  tubes  1 J  to  2  inches 
diameter  and  .125  inch  to  .2  inch  thick,  or  wire  rope. 

AU  metal  surfaces,  whether  lead,  copper,  or  iron,  on  ridges,  roofs,  gut- 
ters, or  coverings  to  doors  or  windows,  to  be  connected  by  plates  of  cop- 
per with  the  conducting  system.  Lead,  on  account  of  its  low  conducting  - 
power,  cannot  be  altogether  depended  upon. 

One  or  more  solid  copi>er  rods,  to  project  freely  into  the  air,  about  5 
feet  above  the  highest  iK)ints  of  the  building  to  which  the  main  conductors 
are  applied.  The  summit  of  the  rod  to  be  pointed ;  but  gold,  gilt,  or 
platinum  tops  are  unnecessary. 

The  termination  of  the  conductors  below  to  be  led  into  damp  or  porous 
soil  when  the  building  happens  to  stand  upon  it ;  but,  when  the  soil  is 
dry,  two  or  three  trenches  to  be  cut,  radiating  from  the  foot  of  the  con- 
ductor to  a  depth  of  18  inches  or  two  feet  and  30  feet  in  length,  and 
either  the  conductor  carried  along  the  bottom  of  the  trenches  or  old  iron 
chain  laid  in  them,  carefully  connected  with  the  foot  of  the  conductor. 
The  trenches  to  be  then  tilled  up  to  one  foot  in  depth  with  coal-ashes  or 
other  carbonaceous  substance,  and  afterwards  with  earth  or  gravel. 

If  it  be  possible,  in  reguhiting  the  surface  drainage,  to  lead  a  tlow  of 
vater,  during  the  rain  which  generally  accompanies  thunder-storms,  over 
the  site  of  the  trenches,  it  will  be  an  additional  precaution. 

Tanks  are  useless,  except  where  the  water  flows  freely  into  them  from 
the  surrounding  soil,  and  even  then  they  are  superfluous  as  appendages 
to  the  conductors. 

The  conductors  for  brick  or  stone  magazines  with  slate  roofs  should 
consist  of  a  sheet-copper  strip  4  inches  wide  and  .125  inches  thick,  cover- 
ing the  ridge  and  securely  fixed  to  it  by  wrought-copper  nails.    At  each 
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end  of  the  ridge  a  solid  copper  rod  .5  inch  in  diameter  is  fixed  to  the 
conductor  on  the  ridge,  and  projects  about  5  feet  above  the  highest  point 
of  the  building;  its  upper  end  is  pointed. 

Copper  strips  3  inches  wide,  or  copper  tubes  one  inch  in  diameter, 
pass  down  the  angles  of  the  hip,  and  are  firmly  secured  to  the  copper 
eaves-gutter. 

The  descending  water-pipes,  made  also  of  copper,  and  fastened  to 
the  face  of  the  building  by  copper  holdfasts,  are  connected  at  their 
lower  end  to  the  underground  conductor  by  a  piece-of  copper,  3  inches 
wide,  wrapped  around  the  lower  end  of  the  water-pipes  and  riveted  to 
the  underground  conductor. 

The  underground  conductor  runs  out  from  the  building  4  feet,  and 
then  branches  into  two  parts,  each  8  feet  long,  2  inches  wide,  and  .125 
inch  thick.  These  conductors  are  about  2.5  feet  from  the  surface  of  the 
ground  at  the  lower  end,  and  are  covered  with  coal  ashes  and  earth. 

The  copper  sheathings  on  the  doors  and  windows  are  connected  witli 
the  lower  end  of  the  water-i>ix)e8  by  flat  copper  strips,  2  inches  wide, 
fixed  to  the  water-table  by  copper  nails  driven  into  wooden  plugs  about 
10  feet  apart. 

When  tubular  conductors  cannot  be  had  of  sufficient  length  in  one 
piece,  they  are  connected  by  a  union  joint,  and  strengthened  by  a  small 
pipe  or  ferrule,  about  4  inches  long,  inside  the  tube,  and  riveted  to  each 
end. 

Buildings  which  have  the  eaves-gutters  and  down-pipes  made  of  tin 
or  zinc  should  have  a  main  conductor  communicating  directly  with  the 
ground  J  it  should  also  be  connected  with  the  eaves-gutters,  and  the 
down-pipe  should  connect  by  a  metallic  communication  with  the  ground, 
running  out  some  distance  from  the  building. 

In  case  of  buildings  situated  on  a  dry  or  rocky  soil,  especial  pains 
must  be  taken  to  lay  down  old  chains  or  other  conductors  in  various 
directions,  to  a  distaruce  of  10  to  15  yards,  and  from  1  foot  to  1.6  feet 
below  the  surface  of  the  ground;  and,  if  possible,  lead  a  flow  of  rain 
over  the  surface  of  the  ground  about  or  near  the  conductor.  Let  the 
conductor  terminate  in  a  large  surface  of  moist  earUi  whenever  it  can 
be  effected. 

If  copper  be  not  used  for  conductors,  zinc  is  the  next  best  material  of 
which  they  can  be  made.  If  iron  be  used,  it  should  be  in  the  shape  of 
galvanized  wrought-iron  pipe,  not  less  than  2  inches  in  diameter,  firmly 
screwed  together  in  joints  of  extra  thickness. 

Copper  tube,  of  a  thickness  of  from  .125  to  .2  inch  is  always  to  be 
preferred :  it  has  more  than  five  times  the  capacity  for  conducting  elec- 
tricity than  iron  has,  and  more  than  three  times  that  of  zinc. 

SPEOIAIi  POWDERS. 

For  some  years,  it  has  been  a  recognized  fact,  that  the  ignition,  com- 
bustion, and  exi)losive  effect  of  gunpowder  depend,  in  a  great  degree, 
on  the  size,  8hai)e,  and  density  of  the  grain,  and  that  guns  of  different 
calibei-s  require  for  their  most  efficient  service  powders  differing  in 
these  features  in  order  to  secure  the  best  results.  The  rapid  increase 
in  weight  of  projectiles  with  the  increase  in  caliber  of  guns,  and  the  com- 
pamtively  smaller  i)ower  of  resistance  of  the  guns,  renders  it  necessary 
that  the  rate  of  combustion  of  the  charge  be  regulated,  so  as  to  reduce 
the  strains  on  the  guns  as  much  as  possible,  while  at  the  same  time  pre- 
serving high  initial  velocity"  to  the  projectile,  thus  rendering  practicable 
the  use  of  the  heaviest  guns,  projectiles,  and  charges. 

The  amount  of  gas  evolved  at  the  first  instant  of  inflammation  and  com- 
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bastion  is  measurably  controlled  by  the  size  and  form  of  grains,  offering 
a  lesser  surface  of  iguition,  and  the  increased  density,  offering  greater 
resistance  to  the  penetration  of  the  hot  gases  through  the  grains,  grad- 
uates its  rapidity  of  burning.  The  form  of  grain  affecting  the  amount 
of  surfltce  exposed  to  combustion — that  shape  which  offers  a  compara- 
tively small  surface  at  the  first  instant  of  ignition,  increasing  progres- 
sively— is  theoretically  the  best. 

Experiments  by  all  civilized  nations  have  settled  beyond  cavil  the  im- 
portant part  played  by  powders  suited  in  the  above  qualities  to  the  guns 
in  which  they  are  to  be  used,  and  have  led  to  the  adoption  of  large-grain 
powders  in  heavy  guns,  resulting  in  the  production,  among  the  best,  of 
mammoth,  pebble,  cubical,  hexagonal,  and  perforated  prismatic  powder; 
the  honor  of  the  first  investigation  and  practical  results  in  this  direcf 
tion,  being  universally  awarded  to  the  late  General  Rodman,  Ordnance 
Department,  U.  8.  A.* 

Nearly  all  the  great  powers  of  Europe  have  powder-mills  under  the 
immediate  supervision  of  their  own  officers  and  agents ;  and  the  quality 
of  powders  made  at  them  is  held  deservedly  in  high  estimation.  While 
these  mills  are  insufficient  for  supplying  aU  the  wants  of  the  respective 
governments,  the  great  care  in  selection  and  manipulation  of  the  best 
materials,  and  close  attention  to  every  detail  of  manufacture,  s^ve  to 
maintain  a  high  standard  of  quality  of  powder,  and  regulate  the  price 
and  excellence  of  that  necessarily  obtained  from  private  manufacturers. 
The  Uuited  States  would  profit  by  following  so  excellent  an  example,  by 
establishing  a  powder-mill,  under  official  direction,  of  limited  capacity. 

The  royal  gunpowder  factory  of  England  is  located  at  Waltham 
Abbey;  those  of  Eussia  are  the  Ohktenskoi;  the  Michael-Schosta 
(saltpeter  district);  the  Kazan  (at  which  most  powders  for  military  aud 
navcd  service  are  made). 

Germany  obtains  her  powders,  in  part,  from  the  government  factories 
at  Spandau  and  Neisse;  the  standard  quality  of  that  procured  from 
imvate  factories  being  regulated  by  the  former. 

France  now  has  five  gunpowder-works — ^Bipault,  Bouchet,  Saint 
Ghamas,  Angoul^me,  and  Esquerdes. 

Belgium  has  a  large  powder-mill  at  Wetteren,  and  produces  large- 
grain  powders  of  most  excellent  quality. 

•  The  late  General  Rodman,  one  of  the  ori^nal  devisers  of  improvements  in  heavy 

San  constrnctions,  experimented  as  early  as  1860  with  mammoth-grain  powders,  and 
eveloped  their  use  in  the  United  States,  in  the  heavy  smooth-bore  ^nns  bearing  his 
name,  and  its  heavy  ride  guns.  His  ingenious  and  fruitful  mind  led  hi m  a  little  later 
to  seek  a  solution  of  the  problem  of  increased  endurance  of  heavy  ordnance  by  better 
controlling  the  combustion  of  powders,  in  the  use  of  various  sizes,  forms,  and  increased 
densities  of  grain.  (General  Rodman  was  the  pioneer  in  the  investigation  of  several 
forms  of  large-ipraiu  powders,  as  pebble,  lenticular,  perforated  prismatic,  and  perforated 
cylindrical  cake  powders.  The  limit-ed  appropriations  available  at  the  commaud  of 
our  Ordnance  Department  and  want  of  a  national  powder-mill  very  much  dwarfed  his 
ex{)erlment«,  and  delayed  their  prosecution  to  conclusive  proof  of  their  great  value,  a 
tnie  estimate  of  which  is  found  in  the  fact  that  they  have  now  been  more  fully  devel- 
oped both  in  this  and  foreign  fountries,  and  led  to  the  general  adoption  by  all  tirat- 
class  powers  of  some  such  powders  in  their  heavy  ordnance :  for  example,  Russia  and  Ger- 
many have  adopted  perforated  prismatic  cake  powder;  England,  pellet,  cubical,  and 
pebble  powders;  the  French,  the  powder  ofWett«ren  and  Bouchet;  the  Italian,  the  dice 
powder  of  the  Fossano  Mills  near  Turin ;  the  Unit>ed  States,  hexagonal,  and  has  also 
experimented  successfully  with  all  the  other  varieties. 

The  great  importance  to  be  derived  from  increased  and  uniform  density  of  powders 
as  affecting  their  explosive  qualities  and  consequent  strain  on  guns,  has  at  the  same 
time  attracted  the  general  attention  of  those  studying  the  subject. 

Experiments  are  still  in  progress  to  determine  the  best  description  of  gunpowders 
for  all  kinds  of  guns,  whose  employment  in  large  charges  shall  be  attended  with  the 
best  roiiults  and  the  least  risk  of  overstraining  these  guns. 
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Austria  obtains  her  powder  from  government  and  private  mills 
Italy,  from  Fossano. 

.     HEXAGONAL  POWDER. 

Experiments  were  made  at  Fort  Monroe  in  1872  and  1873  with  what 
is  known  as  hexagonal-grained  powder,  manufactured  by  Messrs.  E.  I. 
Du  Pont  &  Co.,  Wilmington,  Del.,  which  demonstrated  its  superiority 
for  heavy  ordnance,  giving  low  maximum  pressures,  with  good  veloc- 
ities and  great  uniformity  of  action.  One  of  the  samples,  designated 
by  the  manufacturers  as  "  E.  V.,''  was  selected  for  proof  of  the  converted 
8-  and  9-inch  rifled  guns  in  1874.  Hexagonal  powder  has  been  employed 
since  that  date  in  trial  and  proof  of  all  8-inch  converted  guns.  The 
uniform  size  of  grain,  and  their  polyhetlral  shape,  insure  great  uniform- 
ity in  position  and  size  of  the  interstices  in  the  make-up  of  the  cartridge ; 
this  insures  with  a  uniform  density  of  grain  a  high  degree  of  uniform- 
ity in  pressures  and  velocities  from  given  charges  of  powder  and  weights 
of  projectiles.  The  powder  used  is  composed  of  Unitetl  States  standard 
proportions  of  the  ingredients,  with  a  specific  gravity  of  1.7511.  Its 
shape  and  dimensions  are  given  on  Plate  IX. 

The  cartridge-bags  were  made  allowing  0.85-inch  windage ;  the  mate- 
rial being  woolen  serge. 

MANUFACTURE  OF  HEXAGONAL  POWDER  AT  DU  FONT'S  P0WDER-3IILLS. 

Plate  IX. 

t 

The  i)roportion8  of  the  ingredients  of  hexagonal  powder  conform  to 
the  United  States  standard,  and  up  to  the  completion  of  the  incorpora- 
tion in  the  wheel  mill,  its  manufacture  is  like  that  of  onlinary  powder. 

Mealing. — The  wheel  mill  cake  is  revolved  in  a  cylinder  of  wire-wove 
cloth,  with  wooden  balls,  until  it  is  mealed. 

Pressing, — ^The  mealed  powder  is  then  carefully  pressed  between  hori- 
zontal metalUc  plates  or  dies.  The  powder  comes  out  in  a  sheet  or  cake 
of  polyhedral  granules  united  along  their  vertical  edges,  the  dies  being 
nearly  perfect  dodecahedrons. 

Oraining. — The  press-cake  is  passed  between  rollers  armed  with  brass 
cutting  teeth  at  an  angle  of  from  60°  and  120o  to  the  axis,  which  cut  the 
cake  into  granules,  their  cross-section  being  almost  hexagonal,  whence 
the  powder  derives  its  name. 

Glazing, — The  powder  is  then  sent  to  the  glazing-mill  and  glazed. 

Brushing. — The  powder  is  next  passed  repeatedly  through  the  brush- 
ing-machine.  This  consists  of  a  frame  with  brushes  revolving  near  an 
inclined  plane  along  which  the  powder  passes  by  the  motion  of  the 
brushes. 

Drying. — ^The  brushing  ended,  the  powder  goes  to  the  dry-house  where 
it  is  dried.  The  powder  is  now  minutely  examined,  its  specific  gra\ity 
taken,  and  a  count  made  of  the  granulation ;  a  variation  of  two  granules 
to  the  pound  being  enough  to  condemn  the  powder. 

Rebrusking  and  redrying. — If  satisfactory,  the  powder  is  again  passed 
through  the  bnishing-machine,  redried,  and  then  receives  a  third  brush- 
ing. 

Packing. — The  powder  is  now  packed  in  barrels  and  is  ready  for  in- 
spection. 

PRISMATIC  PERFORATED  CAKE  POWDER. 

The  adoption  of  this  form  of  powder  by  some  nations,  and  production 
of  suitable  machinery  for  its  manufacture,  necessitated  the  use  of  presses 


REPORT  OP  THE  CHIEF  OF  ORDNANCE.         126 

of  peculiar  constxuctiou  to  insure  sufficient  and  uniform  density ;  the 
press  (Plate  VIII)  to  be  so  devised  as  to  jjroduce  uniform  size  and  shape 
of  grains,  and  allow  their  ready  withdrawal  from  the  molds ;  the  sur- 
faces sucii  as  to  allow  close  packing  in  a  given  space.  These  considera- 
tions led  to  the  adoption  of  a  regular  geometrical  figure ;  the  hexagon 
offers  a  good  shape  for  piling,  the  angles  being  all  sufi^ciently  obtuse  to 
prevent  breaking  or  spawling  at  the  edges.  Each  layer  and  the  whole 
cartridge  is  easily  made  up.  Perforations  were  found  necessary  to  in- 
sure better  and  more  uniform  control  of  combustion  in  the  grain.  The 
number  of  perforations  first  adopted  were  seven — one  central,  the  other 
six  at  equal  distances  from  the  central  one — although  one  perforation  in 
the  center  has  been  found  sufficient. 

PREPARATION  OF  THE  POWDER-BASE. 

The  ingredients  for  the  manufacture  of  the  powder-base  are  the  same 
as  used  in  manufacture  of  ordinary  powder.  Tlie  pulverized  materials 
for  220  pounds  are  placed  in  a  wooden  drum  lined  with  sole-leather,  with 
330  pounds  of  bronze  balls,  and  subjected  to  1,440  revolutions  at  the  rate 
of  8  or  10  per  minute.  The  powder  is  then  brought  to  the  moistening 
table  of  wood  surrounded  by  an  upright  edge,  over  which  is  suspended 
a  graduated  glass  measure  having  a  copper  pipe  and  rose  at  the  bottom. 
On  the  table  a  charge  of  55  pounds  of  powder  is  si)read  and  moistened 
with  2|  quarts  of  distilled  water.  It  is  then  passed  from  a  hopper  to  an 
endless  canvas  belt  20  inches  wide,  between  a  lower  paper  and  upper 
bronze  roller,  weighing  2,425  pouuds,  making  a  revolution  in  twelve 
minutes.  The  bronze  roller  can  be  weighted  to  exert  a  pressure  of  60,000 
pounds.  The  powder  is  then  broken  into  coarse  lumps  by  wooden  mal- 
lets, and  granulated  to  two  sizes  of  grains ;  the  flrst,  cannon  powder — 
used  for  maimfacture  of  the  prisms — ^is  passed  through  a  sieve  of  0.26 
inch  diameter  of  holes. 

MANUFACTURE  OF  PERFORATED  PRISMATIC  POWDER. 

Ordinary  grain  powder,  made  as  above,  is  of  a  specific  gravity  of  1.5, 
and  too  elastic  for  use  in  the  press.  By  reworking  it  loses  a  part  of  its 
elasticity,  and  is  then  fit  for  formation  of  the  prisms  by  the  following 
pi'ocess:  The  powder-base,  as  above,  is  moistened  with  l-J  percent,  of 
water,  passed  through  the  spindle  press  with  the  prescribed  pressure 
and  granulated  grain  and  dust  being  collected  in  a  receptacle.  This 
mixture  of  grain  and  dust  is  dried  in  the  air  or  by  artificial  heat  till  1^ 
per  cent,  of  the  moisture  remains.  It  is  placed  in  a  mixing-drum — 220 
pounds  of  powder  and  330  pounds  of  bronze  balls — and  subjected  to  1,440 
revolutions,  moistened  and  pressed  as  before,  giving  it  a  specific  gravity 
of  1.675  to  1.75.  It  is  granulated  and  separate^l,  the  cannon  size  again 
dried  by  air  till  6  per  cent,  in  dry  weather  of  moisture  remains,  and 
placed  in  barrels  covered  with  damp  cloths  for  use. 

FORMATION  OP  PRISMS. 

The  press  for  this  purpose  is  constructed  to  give  a  pressure  of  65,000 
I>ounds  per  square  inch.  It  consists  of  a  heavy  casting  on  a  stone 
foundation ;  a  main  and  secondary  shaft,  one  fixed  and  two  movable 
cross-heads.  The  main  shaft  carries  a  heavy  wheel  at  each  end,  over 
which  belts  conduct  the  power  from  the  center  shafting  to  the  press.  It 
has  a  clutch  operated  by  a  lever  for  starting  and  stopping  the  machine; 
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two  pinions  on  the  main  operate  geared  wheels  on  the  secondary  shafk^ 
on  which  two  eccentrics  and  cranks  operate  respectively,  by  connecting 
rods,  the  lower  and  npper  movable  cross-heads.  These  have  each  six 
hexago^  stamps  perforated  with  seven  holes,  which  enter  correspond- 
ing hexagonal  molds  on  the  lower  cross-head.  Six  gronps  of  seven 
needles  are  fixed. in  such  position  that  they  extend  up  through  the  per- 
forations of  the  lower  stamps  throughout  into  the  molds  and  enter  the 
perforations  of  the  upper  stamps  as  the  latter  descend  to  press  the 
powder  in  the  molds ;  these  form  the  perforations  in  the  prisms.  The 
eccentrics  and  cranks  operating  the  cross-heads  are  timed  so  that  when 
the  upper  stamps  have  reached  their  lowest  point  of  descent,  the  lower 
ones  are  moving  upward  giving  the  extreme  pressure,  after  which  the 
upper  stamps  ascend  and  the  lower  ones  simultaneously  push  the  per- 
forated prisms  up  from  the  molds.  The  lower  stamps  constitute  the 
bottom  of  the  molds.  The  molds  are  filled  from  a  hopper  having  a  table 
with  forward-and-back  motion,  containing  six  suitable  measures  which 
receive  the  powder  from  the  hopper;  the  charging  table  moves  forward 
and  drops  the  charge  in  the  molds ;  its  edge  carries  the  prisms  brought 
up  from  the  mold  to  an  inclined  shelf,  whence  they  are  removed.  The 
capacity  of  the  powder  measures  can  be  regulated  as  desired.  Two 
rooms  are  required  for  each  prf  ss ;  one  for  the  press>,  the  other  for  the 
prisms. 

Before  starting  the  press,  the  mold-needles  and  stamps  and  all  rub- 
bing surfaces  ought  to  be  oiled  with  a  light  pure  oil  or  graphite. 

All  surplus  lubricant  must  be  wiped  off.  The  powder  to  be  pressed 
ought  to  have  at  least  5f  i)er  cent,  of  moisture. "  The  moist  prisms  weigh 
about  620  grains  each,  and  must  not  vary  more  than  5  grains.  The  fi^t 
two  sets  of  prisms  should  be  rejected  because  of  excess  of  oil.  The 
weight  of  prisms  must  be  verified.  Three  men  can  work  a  press ;  a  car- 
rier for  every  press  is  also  required.  The  height  and  weight  of  the 
prisms  must  be  verified  from  time  to  time,  'and  the  powder  in  the  hop- 
per stirred  from  time  to  time.  Loose  powder  must  be  brushed  away 
from  the  stamps  and  top  of  the  molds ;  lubricate  as  often  as  once  an 
hour.  If  a  needle  breaks,  stop  the  press  and  replace  it  at  once.  On 
dry  days,  the  powder  loses  moisture ;  this  will  be  indicated  by  increased 
height  of  prisms  or  vibrations  of  the  press,  in  which  case  moisten  with 
J  per  cent,  of  moisture,  which  is  done  in  a  drum  by  a  fine  rose 
sprinkler.  The  prisms  pressed  by  the  press  contain  about  5  per  cent, 
of  moisture,  and  must  be  dried  to  about  J  per  cent,  by  exposure  to  air 
or  ou  shelves  in  a  suitably  arranged  drying-room ;  they  are  then  exposed 
to  a  temperature  of  12(P  Fahr.  for  48  hours,  and  are  ready  for  packings 

The  prisms  are  packed  in  wooden  boxes  in  layers  (12  rows  of  11,  and 
11  rows  of  9,  6  deep)  weighing  about  110  pounds  to  the  box. 

The  prisms  are  regular  hexagons  0".992  high  and  l'^6  width  across 
the  angles.  The  packing-boxes  are  of  inch  stuff,  and  may  be  tin-lined. 
Two  sheets  of  felt — the  smaller  at  one  end,  the  other  on  top — keep  the 
prisms  from  rubbing  against  each  other  in  transportation. 

The  boxes  have  rope  handles,  and  are  marked  with  the  weight,  kind, 
place,  and  date  of  fabrication  of  the  powder. 

THE  PELLET  POWDER  MACHINE. 

Pellets  are  formed  by  compressing  the  powder  meal  into  metal  molds. 
Vaiious  shapes  and  sizes  were  tried ;  some  were  flat  discs,  others  prisms, 
but  the  shape  which  found  most  favor  at  first  was  the  cylindrical  pellet 
^  inch  in  diameter  by  J  inch  in  length,  and  weighing  9.5  grains.    Origin- 
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aUy  these  were  made  by  liaud,  bat  it  was  soon  apparent,  that,  if  required 
in  large  quantities,  machinery  would  have  to  be  devised  for  their  pro- 
duction^ consequently  a  large  machine  of  somewhat  novel  description, 
and  capable  of  making  400  pellet-s  at  one  time,  was  designed  by  Dr.  John 
Anderson,  and  manufactured  at  Birmingham.  This  machine  (Plate  Y, 
Figs.  11  and  12)  is  worked  entirely  by  means  of  hydraulic  power  derived 
from  an  accumulator,  which  afibrds  a  pressure  equal  to  1,000  pounds  per 
square  inch.  The  machine  consists  of  two  hydraulic  cylinders,  witii  a 
division  in  the  center  of  each,  thus,  in  reality,  making  four  cylinders;  in 
the  two  upper  ones  a  plain  cylindrical  ram  is  fitted,  which  merely  rises  and 
faUs  as  the  water  is  admitted  underneath  the  ram  or  is  withdrawn. 
These  rams  are  used,  first,  for  compressing  the  pellets,  and  second,  for 
ejecting  them,  when  finished,  out  of  the  mold  plates.  The  two  lower 
divisions  are  fitted  with  piston  rams,  securely  attached  to  cross-heads, 
which  are  united  together,  and  also  connected  to  two  other  cross-heads 
above  the  cylinders  by  means  of  strong  wrought-iron  side  rods,  provided 
with  collars  working  between  lugs  cast  upon  the  hydratOic  presses,  and 
so  ac^usted  as  to  allow  only  a  certain  limited  travel  either  up  or  down. 
The  upi)er  cross-heads  can  be  adjusted  to  their  exact  positions  by  means 
of  screwed  threads  and  lock  nuts  on  the  upper  end  of  the  side  rods. 
The  use  of  the  lower  piston  rams  is  to  close  the  upper  openings  in  the 
mold  plates  by  bringing  the  top  punches,  which  are  connected  to  the 
upper  cross-heads  by  a  gun-metal  plate,  down  upon  the  mold  plate,  and 
thus  confine  the  meal  powder  in  the  molds.  The  upper  rams  are  now 
slowly  raised,  and  these,  acting  upon  the  lower  punches,  compress  the 
lK)wd*er  in  the  mold  plate.  After  the  proper  density  has  been  secured, 
the  action  of  the  lower  rams  is  reversed,  by  which  means  both  the  lower 
and  upper  cross-heads  receive  an  upward  motion,  thereby  raising  the 
upper  punches  clear  out  of  the  way,  so  as  to  admit  of  the*  compressed 
pellets  being  ejected  out  of  the  mold  plate,  and  this  is  done  by  giving  a 
further  upward  motion  to  the  two  x)lain  cylindrical  rams.  This  will  be 
better  understood  by  referring  to  the  enlarged  view  (Fig.  12),  where  the 
mold  plate,  which  is  double,  may  be  supposed  to  contain  a  charge  of 
meal  powder  in  the  mold  ready  for  compressing  into  a  pellet.  The  lower 
part  of  the  mold  is  closed  by  the  lower  steel  punch  that  fits  the  mold 
very  accurately,  while  the  point  of  the  punch  rests  upon  the  top  surface 
of  the  plain  cylindrical  ram  in  the  upper  part  of  the  hydraulic  cyliuder. 
The  upper  punch  is  also  of  steel,  but  much  larger  in  diameter  than  the 
lower  one. 

To  compress  the  powder  in  the  mold  and  form  a  pellet  requires  four* 
distinct  movements  of  the  machine.  Frst,  the  upper  punch  is  brought 
down  until  it  rests  upon  the  mold  plate  and  closes  the  mold;  this  is 
efiected  by  a  downward  motion  of  the  two  lower  piston-rams,  to  which 
the  upper  and  lower  cross-heads  are  connected  together  with  the  upper 
punches.  Secondly,  the  lower  punches  are  raised  by  the  two  upper  plain 
rams,  and  the  powder  is  compressed  in  the  mold  between  the  two 
punches.  Thirdly,  when  the  pellet  is  sufficiently  compressed,  the  upper 
punches  are  raised  from  off  the  mold-plate,  this  being  done  by  revers- 
ing the  action  of  the  two  lower  piston-rams  until  the  upper  cross-head 
and  punches  are  at  a  sufficient  height  to  admit  of  the  compressed  pellet 
b^g  ejected  out  of  the  mold  plate.  This  fourth  and  last  operation  of 
ejecting  tiie  pellet  is  effected  by  allowing  the  upper  plain  rams  to  rise 
still  further,  and  thus  force  the  finished  pellet  out  of  the  mold  by  means 
of  the  lower  steel  punches. 

All  these  operations  are  simply  and  readily  performed  by  means  of  a 
very  ingenious  aiTangement  of  valves,  the  attendant  having  nothing  to 
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do  beyoud  placing  a  handle  in  the  several  positions  indicated  on  a 
dial.  These  valves  are  so  constructed  that  the  water-power  is  admitted 
to  the  two  presses  simultaneously,  whilst,  by  a  self-acting  arrangement, 
the  pressure  is  shut  oft*  by  the  press  itself  when  it  has  traveled  the  re- 
quired distance.  A  relief  vah^e  is  also  pro^ided  to  allow  any  excessive 
X)ressure  to  escape  should  it  accumulate  from  any  cause,  and  this 
prevents  damage  happening  either  to  the  pipes  or  other  parts  of  the 
apparatus. 

It  is  seen  that  a  machine  of  this  description  is  capable  of  making  pel- 
lets of  almost  any  shai)e,  such  as  cylindrical,  hexagonal,  prismatic,  or — 
what  is  possibly  the  best  of  all — spherical,  by  merely  altering  the  form 
of  the  mold  and  punches.  In  the  machine  referred  to  there  are  (on  a 
revolving  table,  the  framework  of  which  is  made  of  gun-metal),  four  mold 
plates  fitted;  each  contains  200  holes,  but  as  there  are  only  two  hydraulic 
presses  to  the  machine  it  follows  that  only  two  sets,  or  400  molds,  are 
under  compression  at  one  time,  so  that  if  we  number  these  mold  plates 
consecutively,  then  Xos.  1  and  3  will  be  under  pressure  whilst  Nos.  2  and 
4  are  being  filled.  When  the  powder  in  Kos.  1  and  3  mold  plate  is 
sufficiently  compressed,  and  the  pellets  formed  therein  have  beenremoved, 
the  entire  table  is  turned  one-fouith  of  the  way  round  by  means  of  a 
handle  and  a  toothed  pinion  working  into  corresi)onding  teeth  provided 
round  the  periphery  of  the  gun-metal  table,  the  revolving  of  which  is 
much  assisted  by  eight  small  anti-friction  rollers  fixed  to  the  cast-iron 
frame  of  the  machine ;  these  rollers  support  the  gun-metal  table  as  it 
revolves  upon  its  own  center.  Xos.  2  and  4  mold  plates,  which  have 
been  wholly  filled  with  meal  powder,  are  now  brought  under  the  cross- 
heads  of  the  machine  and  are  in  position  for  the  i)Owder  contained  therein 
to  be  compressed  into  pellets,  whilst  Nos.  1  and  3  in  turn  take  their  places 
to  be  refilled ;  the  operation,  therefore,  of  pressing  and  refiUiug  are  con- 
tinuous, and  the  machine  is  capable  of  producing  a  large  quantity  of 
pebble  powder  per  day  and  with  very  little  waste. 

THE  PEBBLE-PO\^T)ER  MACHINE. 

Since  the  pebble  powder  was  first  brought  into  use,  another  descrip- 
tion of  large-grain  powder,  called  "  pebble  powder,"  has  been  introduced 
for  ser\ice  with  guns  of  large  caliber.  Tliis  pebble  powder  is  formed  of 
large  grains  ranging  from  eleven  sixteenths  of  an  inch  to  as  much  as  2- 
inch cubes ;  tomauufacturethisclassof  powderexpeditiously and  cheaply, 
has  brought  forth  another  description  of  machine  for  forming  the  pebbles 
by  cutting  up  previously  compressed  cakes  into  cubes  of  the  required 
dimensions.    This  is  done  in  the  following  manner:  • 

The  cake  as  brought  from  the  press-house  is  of  the  thickness  of  the 
required  cubes;  this  cake  the  machine  has  to  cut  up — first,  into  long 
strii)s  of  the  same  width  as  the  thickness  of  the  cake ;  and,  secondly, 
to  cut  these  long  strips  transversely  into  cubes.  This  is  accomplished 
in  the  machine  by  means  of  two  pairs  of  rollers  in  the  foUowingmanner : 
The  cake  is  fed  to  a  hopper  immediately  above  the  first  pair  of  rollers, 
jwovided  with  knives  upon  their  surfaces  to  cut  the  cake  into  long  strips. 
The  strips  fall  on  an  endless  traveling  band,  which  conveys  and  carries 
them  to  the  second  pair  of  rollers  where  they  are  cut  transversely  into 
cubes.  They  then  drop  into  a  spout,  and  are  delivered  to  a  revolving 
sifter  covered  witibi  copper  wiro,  which  conveys  the  cubes  to  a  number  of 
wooden  boxes  contained  in  a  small  gun-metal  truck ;  the  dust  and  small 
pieces  fall  through  the  sifter  into  other  boxes,  and  are  taken  back  to  the 
press-house  and  worked  up  again. 
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The  framiDg  of  tbis  machine  (Plate  VI,  Fig.  13)  is  composed  entirely 
of  gun  inetal,  and  has  the  requisite  sea  tings  cast  upon  it  for  the  recex)- 
tion  of  the  several  brackets  and  pedestals,  which  are  also  of  gun-metal, 
as  well  as  the  cutting  rollers,  each  pair  being  about  7  inches  in  diameter, 
with  a  number  of  ecjuidistant  teeth  formed  upon  their  surfaces  out  oi 
the  solid  metal. 

These  rollers  are  securely  fixed  upon  wrought  iron  shafts,  which  re- 
ceive their  motion  from  a  main  driving  shaft  by  spur  gearing.  The 
under  sides  of  the  bearings  of  these  rollers  are  planed  and  faced  so  as  to 
slide  in  their  respective  brackets.  One  of  each  pair  of  bearings  is  fitted 
with  a  spring  box  controlled  by  a  set  screw,  by  means  of  which  the  amount 
ofresistance  to  the  openingof  tlie  rollers  is  adjusted.  Blocks  of  hard  wood 
are  also  fitted  between  each  pair  of  bearings  to  act  as  stops,  and  thus 
determine  the  minimum  distance  between  the  surface  of  the  rollers,  and 
an  adjustable  gun-metal  scraper  is  fitted  to  each  roller  for  removing  the 
surplus  powder  from  its  surface. 

A  skeleton  carrying  band,  made  of  two  leather  belt«  fitted  with  ash 
cross-bars  of  a  triangular  section  and  at  about  3  inches  apart,  is  provided. 
These  wooden  cross-bars  are  riveted  with  copper  rivets  to  the  leather 
belts  and  to  gun-metal  strips  upon  their  under  side^  these  strips  being  of 
such  a  form  as  to  serve  the  purpose  of  teeth  for  driving  the  band.  This 
endless  band  works  upon  two  gun-metal  drums ;  the  one  is  driven  by 
gearing  from  the  main  shaft,  and  the  other  is  fitted  in  adjustable  bear- 
ings, which  can  be  tightened  by  means  of  a  screw  so  as  to  take  up  any 
slack.  These  drums  are  made  with  flanges  at  each  end,  and  have  re- 
cesses formed  on  their  barrels  to  receive  the  gun-metal  projections. 

A  sliding  table  made  of  hard  wood  and  provided  with  four  gun-metal 
grooved  wheels,  which  travel  upon  V  rails,  also  of  gun-metal,  is  fitted 
to  work  underneath  the  carrying  band,  and  travels  at  a  uniform  rate  of 
speed.  The  top  surface  of  this  table  is  covered  with  leather,  and  made 
perfectly  smooth ;  a  reciprocating  motion  is  given  to  it  by  means  of  an 
endless  chain  of  sheet  copper,  u\h>t\  one  link  of  which  a  stud  is  fitted 
and  works  in  a  gun-metal  block  that  slides  in  a  bracket  fixed  upon  the 
under  side  of  the  table.  A  weighted  gun-metal  frame  is  also  provided, 
and  so  adjusted  that  the  under  side  of  it  rests  upon  the  upi>er  surface  of 
the  bars  of  the  carrying  band ;  the  ends  of  this  frame  are  fitted  with  gun- 
metal  stay-rods  which  project  and  work  in  slotted  brackets  connectSi  to 
the  machine;  the  frame  is  by  this  means  free  to  rise  if  the  pressure  from 
any  cause  exceeds  that  of  the  weights  by  which  it  is  held  down.  The 
under  side  of  the  frame  is  planed  and  made  perfectly  smooth,  so  as  to 
allow  the  carrying  band  to  work  freely  between  its  under  side  and  the 
upper  side  of  the  sliding  table. 

The  feeding  web,  which  is  made  of  strong  Dowlas  canvas,  is  driven 
by  a  gun-me^l  drum  7  inches  in  diameter,  the  following  roller  being  IJ 
inches  in  diameter;  the  top  surface  of  this  web  is  supported  by  a  board 
to  prevent  its  sagging,  and,  in  addition,  the  bearings  wherein  the  shaft 
of  the  driving  drum  revolves  are  provided  with  slides  made  adjustable 
by  means  of  screw-gearing. 

A  revolying  sifter  is  fitted  underneath  the  second  pair  of  rollers,  and 
works  in  bearings  bolted  to  the  under  side  of  the  framing  of  the  maehine ; 
this  sifter  is  comx>o8ed  of  a  number  of  gun-metal  drums  keyed  upon  a 
shaft,  and  its  periphery  is  covered  with  copper  wire,  the  whole  being  in- 
closed in  a  wooden  casing.  Underneath  the  sifter  three  sliding  boxes 
are  placed  to  receive  the  dust  and  small  pieces  which  pass  through  the 
copper  wire  covering  of  the  screen.  At  the  end  of  the  sifter  a  gun-metal 
traveling  truck  or  carriage  is  provided,  with  four  wheels  adapted  to  run 
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upon  V  gun-metal  rails  fixed  upon  tlie  floor.  This  carriage  is  capable  of 
holding  five  wooden  boxes,  each  about  18  inches  square,  into  which  the 
finished  pebbles  fall  from  the  end  of  the  sifter  as  it  slowly  revolves.  A 
wooden  hopper  of  sufficient  width  to  cover  the  entire  length  of  the  roller 
is  provided  for  feeding  the  press  cake  into  the  first  pair,  and  a  sheet- 
copper  casing  is  fitted  to  the  second  pair,  with  a  spout  at  the  bottom 
for  conveying  the  pebbles  into  the  sifter. 

All  exposed  parts,  such  as  the  ends  of  wrought-iron  shafts,  &c.,  are 
covered  with  recessed  gun-metal  washers  securely  fixed  to  them,  and 
any  others  which  may  l^  made  of  iron  or  steel  are  covered  with  leather. 
All  bearings  are  fitted  with  suitable  lubricators,  and  channels  or  pipes 
for  conveniently  and  efficiently  lubricating  the  rubbing  surfaces ;  ancj, 
as  it  is  of  the  utmost  importance  that  no  oil  or  greasebe  permitted  to 
come  in  contact  with  the  powder,  the  bearings  of  the  cutting  rollers  are 
fitted  with  sheet  copper  casings  made  in  halves  and  hinged,  so  that  the 
upper  part  can  be  lifted  and  the  bearings  cleaned.  The  copper  casings 
at  the  geared  end  of  the  rollers  are  sufficiently  large  to  contain  the 
wheels  and  act  as  drip-pans. 

The  pebbles  from  this  machine,  as  w^ell  as  the  pellets  from  the  hydraulic 
apparatus,  are  generally  taken  to  the  glazing  barrels  to  glaze  them  and 
round  off  the  sharp  corners. 

WIENER  POWDER. 

Colonel  Wiener,  of  the  Russian  artillery,  has  patented  a  process  of 
making  gunpowder,  claimed  to  be  superior,  and  its  manufacture  safer, 
simpler,  cheaper,  and  more  expeditious,  than  that  made  by  the  ordinarj^ 
process ;  its  peculiarity  is  the  exclusion  of  water  and  substitution  of  heat 
to  240°  Fahr.,  in  forming  press-cake.  The  cake  is  broken  into  grains  as 
usual ;  the  powder  is  free  from  dust ;  it  absorbs  less  moisture,  and  is 
said  to  have  greater  and  more  uniform  force.  The  saving  is  estimated 
at  40  per  cent.  Samples  were  shown  in  the  Bussian  exhibit  at  the  Cen- 
tennial exhibition  at  Philidelphia. 

ITALIAN  "PEOGEESSrVE  POWDEE'' 

Is  made  of  grain  powder  of  various  sizes,  from  0.1  to  0.6  inch,  and 
"farina"  or  meal  powder,  mixed  in  proportions  of  1  and  2  of  grain  to  1 
of  meal.  This  mixture  is  pressed  into  cakes  of  various  thickness  and 
broken  up  into  irregular  grains — ^resembling  our  mammoth  powder,  and 
cubes  from  1  to  2  inches  on  a  side— (the  pressure  reduces  the  mass  to 
about  two-thirds  of  its  thickness,  or  say  1.76  specific  gravity.)  Tbe  ir- 
jegular  grains  and  cubes  make  up  the  charge. 

aUN-COTTON. 

This  comparatively  new  and  powerful  explosive  has  not,  as  yet,  ob- 
tained favor  in  military  circles,  on  account  of  its  supposed  want  of  sta- 
bility. Eecent  experiments  and  investigation  tend  to  show  that  this 
supposition  is  not  warranted,  if  the  gun-cotton  is  properly  prepared. 
Its  manufacture  should  be  intrusted  to  competent  and  responsible  par- 
ties only,  and  conducted  with  the  greatest  care  and  circumspection.  A 
factory  has  been  established  at  Waltham  Abbey,  under  the  immediate 
supervision  of  officers. 

In  all  the  various  stages  of  manufacture,  the  gun-cotton  is,  in  a  wet 
state,  entirely  harmless,  and  its  manipulation  unattended  with  danger. 
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Special  buildings  and  precautions  are  therefore  not  required  in  its  manu- 
facture; brick  buildings  and  steam  motors  are  available. 

Long  staple,  high  quality,  raw  cotton  is  the  best.  Waste  cuttings, 
such  as  is  used  for  cleaning  machinery,  is  preferred,  for  the  reason  that 
it  has  been  thoroughly  cleaned.  "The  waste  must  be  free  from  impurities, 
such  as  seed-husks  and  foreign  substances,  and  dry.  It  is  first  picked 
over  by  hand,  and  then  pass^  through  a  machine  with  toothed  rollers, 
which  open  and  loosen  the  cotton,  and  subject  it  to  a  strong  blast  to  blow 
off  foreign  matters. 

To  remove  moisture  absorbed  at  onlinary  temperatures,  it  is  subjected 
to  a  temperature  of  126°  for  20  minutes  in  a  drying  room,  heated  by  air 
•in  contact  with  coils  of  hot  pipes ;  ventilation  carrying  off  the  moisture. 

The  cotton  is  fed  by  a  trough  to  endless  belts,  with  a  slow  motion, 
carrying  it  from  one  belt  to  another,  and  leaving  it  in  a  close  closet. 
When  thoroughly  dry,  it  is  weighed  out  in  parcels  of  about  one  pound, 
and  stored  in  a  cool  place,  in  closed  tin  boxes. 

The  acid  used  must  be  highly  concentrated  and  of  uniform  specific 
gravity ;  the  nitric  1.52  and  the  sulphuric  1.85.  The  acids  are  thoroughly 
mixed  in  the  proportion  of  three  sulphuric  to  one  of  nitric,  by  weight,  first 
placed  in  separate  tanks,  provided  with  pipes  or  outlets  and  brought  to- 
gether in  a  single  pipe,  in  which  a  mixer  moves  by  a  pulley  on  the  out- 
side. After  mixing,  the  acids  are  forced  into  tanks  well  covered  and 
allowed  to  cool  to  the  temperature  of  the  atmosphere. 

The  cotton  being  immersed  in  the  acids,  the  nitric  acid  acts  on  the 
cotton,  and  this,  with  the  liberated  water,  causes  considerable  heat, 
which  must  be  regulated  and  controlled.  For  this  purpose  the  vessels 
in  which  the  cotton  and  acids  are  placed  are  surrounded  by  cold  water. 
The  tanks — 14  inches  wide,  2^  feet  long,  and  16  inches  deep,  filled  with 
the  proper  measure  of  acids — are  placed  in  troughs,  through  which  a 
constant  flow  of  water  is  kept ;  into  these  tanks  the  one-pound  charges 
of  cotton  are  dipped.  Each  workman  is  charged  with  three  consecutive 
tanks ;  he  receives  the  charges  for  these,  plunges  the  first  into  a  tank 
and  leaves  it,  then  plunges  a  charge  into  the  second  and  third  tanks. 
By  this  time  the  .charge  in  the  first  tank,  having  been  exposed  sufficiently 
long  to  the  action  of  the  acids,  is  taken  out  with  an  iron  fork  and  laid 
on  a  grating;  where  the  acid  is  removed  as  far  as  can  be  by  using  the 
fork  as  a  lever.  The  charge  is  then  placed  in  an  earthen  jar,  covered, 
and  deposited  in  the  soaking  room  for  24  hours  in  a  basin  of  water.  The 
cotton  absorbs  about  eleven  times  its  weight  of  acids.  The  workman 
replaces  this  amount  with  fresh  acids  in  the  tanks,  puts  in  a  new  charge, 
and  proceeds  to  the  second  tank,  going  through  the  same  operation  as 
above,  and  so  on. 

During  the  24  hours'  experience  in  the  soaking  room  the  greatest  care 
must  be  taken  that  no  water  comes  in  contact  with  the  cotton,  as  it 
would  cause  the  ignition  and  entire  combustion  of  the  cotton.  If  such 
an  accident  occurs,  strong  fumes  of  nitrous  acid  are  evolved,  and  the  jars 
must  be  removed  to  the  open  air  at  once. 

The  next  operation  is  to  get  rid  of  the  free  acid  in  the  cotton,  which 
is  done  by  a  centrifugal  drying-machine,  30  inches  in  diameter,  making 
1,500  revolutions  per  minute.  The  machine  receives  the  contents  of  six 
jars,  uniformly  distributed,  before  setting  it  in  motion.  When  the  acid 
ceases  to  drop  fr*om  the  cotton,  it  is  taken  out  and  the  remaining  acid  re- 
moved by  washings  in  fresh  water.  Large  tabs,  provided  with  wooden 
wheeUu  are  used,  small  portions  of  the  cotton  being  plunged  and  sub- 
mergea  at  once  to  prevent  its  ignition.    It  is  then  dried  in  a  centrifrigal 
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machine,  again  washed  and  dried,  and  then  reduced  to  pulp  in  an  or- 
dinary pulping  machine. 

The  pulp  is  then  run  into  a  poaching  machine,  where  it  is  repeatedly 
washed  in  fresh  water,  and  finally  in  water  slightly  alkaline.  Than  oper- 
ation is  continued  until  the  cotton  will  sustcun  a  severe  heat  test,  and 
requires  from  4d  to  100  hours ;  and  before  being  taken  from  the  x>oaching 
machine  is  washed  in  slightly  alkaline  water  of  carbonate  of  lime  and 
soda. 

The  gun-cotton,  now  complete  as  far  as  its  explosive  quality  and  re- 
sistance to  change  are  concerned,  should  retain  3  per  cent,  of  the  alkalies. 
The  greatest  care  must  be  taken  that  none  of  the  details  of  manufacture 
are  slighted. 

To  control  the  explosive  power  of  gun-cotton,  the  pulp  is  compressed 
into  homogeneous  masses  of  required  form  and  density.  For  mining 
and  torpedoes,  it  is  pressed  into  disks  3  inches  in  diameter  and  1.75  inches 
thick,  of  a  density  a  little  greater  than  water  at  60^  Fahr.  (between  1 
and  1.003).  Each  disk  has  two  holes,  0.2,  inch,  bored  through  it,  and 
weighs  about  9  ounces. 

A  pressure  of  15  tons  is  required,  provision  being  made  in  tlie  press 
for  tlie  escape  of  water.  The  *disks  are  packed  in  water-tight  boxes. 
After  filling  the  boxes,  water  is  poured  in  and  allowed  to  remain  some 
minutes,  after  which  the  water  is  poured  out  and  the  boxes  securely 
covered.    It  may  then  be  kept,  without  fear  of  accident,  indefinitely. 

Wet  gun-cotton  may  be  exploded  by  use  of  a  small  portion  of  dry  cot- 
ton and  a  detonating  fuse. 

The  factory  at  Waltham  Abbey  has  a  capacity  of  4,000  pounds  per 
day;  and  the  cost  per  pound  is  42^  cents. 
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APPE^'DIX  II. 

PROGRESS  REPORT  ON  POWDERS  FOR  4.5-INCH  RIFLE. 

With  the  view  of  determining  the  proper  charge  and  kind  of  powder 
for  use  in  the  4^-inch  rifle,  the  Board  has  from  time  to  time  tested  samples 
of  powders  furnished  by  the  Messrs.  Da  Pont.  It  has  been  the  desire 
of  the  Board  to  get  a  powder  which,  using  about  7-pound  charges,  with 
shot  weighing  35  pounds,  shall  give  a  muzzle  velocity  of  about  1,600  feet 
per  second,  with  a  corresponding  pressure  of  not  exceeding  35,000  to 
40,000  pounds  per  square  inch  of  bore. 

An  examination  of  the  accompanying  summary  of  results  obtained 
shows  that  the  H.  D.  No.  1  and  No.  2  gave  entirely  too  low  velocities ; 
the  H.  D.  No.  3,  good  velocities  and  pressures,  but  not  as  good  a«  H.  D. 
No.  4,  which,  with  7  pounds  of  powder  and  25-i)ound  shot,  gave  an  aver- 
age velocity  of  1,578  feet  per  second,  with  a  corresponding  pressure  of 
27,750  pounds  jyer  square  inch  of  bore  j  the  same  charge  of  powder  and 
35-pound  shot  gave  1,411  feet  velocity  and  31,250  pounds  pressure.  The 
H.  D.  No.  5  gave  good  velocities,  but  the  pressures  were  entirely  too 
high ;  the  same  may  be  said  of  the  H.  M.,  H.  N.,  and  H.  O.  samples. 

The  H.  Y.  and  H.  V.  powders  gave  excellent  results  with  charges 
below  6  pounds,  but  with  this  and  a  higher  charge  the  pressure  increased 
rapidly.  The  H.  V.  powder  was  specially  made  to  test  the  effect  of  re- 
ducing the  diameter  of  the  cartridge,  thereby  increasing  the  initial  burn- 
ing space.  Two  rounds,  each  of  4.5  and  6  pound  charges,  were  fired  on 
the  30th  of  April,  1879,  that  the  resulting  pressures  and  velocities  might 
be  ascertained  and  compared  with  those  obtained  with  other  powders. 
The  results  with  this  powder,  using  the  ordinary  sized  cartridge  bag,  were 
very  satisfactory.  Those  using  r^uced  bags,  while  showing  that,  with 
the  same  charge,  the  velocities  and  pressures  generally  diminished  as  the 
windage  increased,  are  too  meager  for  any  satisfactory  deductions. 

It  is  thought  the  Messrs.  Du  Pont  will  be  able  to  improve  even  upon 
the  best  results  so  far  obtained ;  the  Board  therefore  propose  to  continue 
these  experiments.  So  far  the  H.  D.  No.  4  powder  has  given  the  best 
results. 
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APPENDIX  12. 
PROGRESS  REPORT  ON  POWDERS  FOR  8-INCH  RIFLE. 

The  powders  tested  in  the  8-inch  converted  breech-loading  rifle  were 
Du  Pont's  hexagonal  F.  P.  B.  powder,  density  1.785,  granulation  67  ; 
Da  Pont's  hexagonal  Q.  H.,  the  same  density  and  granulation  as  F.  P.  B.. 
and  intended  to  be  a  duplicate  of  it^  and  finally  Du  Pont's  hexagonal 
B.  V.  J.,  density  1.750,  and  granulation  72.  The  G.  H.  powder,  it  will  be 
seen  from  the  record,  did  not  give  as  good  results  as  the  F.P.B.,  and 
this  inferiority  did  not  result  fi^m  any  great  difference  in  the  age  of  the 
powders,  nor  from  any  difference  in  the  seasons  of  the  year  when  fired. 
It  probably  arose  from  some  unavoidable  difference  in  the  manufacture 
or  some  variable  atmospheric  conditions. 

The  E.  V.  J.  gave  better  results  than  either  of  the  others,  as  far  as 
velocities  are  concerned,  for  the  same  charge,  but  the  pressures  are  some- 
what higher,  though  hardly  enough  to  be  considered  dangerous.  It  is 
probable,  however,  that  better  results  will  be  obtained  both  witli  F,  P.B. 
and  G.  H.  by  increasing  the  charge  of  powder,  but  as  this  gun  has  to  be 
tested  for  enduraiice,  it  was  deemed  advisable  to  keep  the  charge  to 
what  has  heretofore  been  considered  standard. 

The  same  powders  were  also  fired  from  some  of  the  8-inch  muzzle- 
loading  converted  guns,  and  the  same  remarks  will  apply  as  to  the 
results  obtained.  The  other  powders  tried  were  Oriental  hexagonal; 
Du  Pont's  hexagonal  H.P.,  H.Q.,  and  E.V.L.,  and  Laflin  &  Rand's 
polyhedral,  but  none  of  them  gave  as  good  results,  except  the  E.  V.  L., 
which  is  a  duplicate  of  E.  V.J.  • 
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APPENDIX  r. 

PROGRESS  REPORT  ON  3.5-INCH  '^DEANE"  BRONZE  GUN. 

(One  plate.) 

This  gun,  fully  described  in  the  Eeport  of  the  Chief  of  Ordnance  for 
1877,  page  653,  has  been  fired  in  all  to  date  50  times. 

Three  different  powders  have  been  so  fkr  used  in  the  test :  "  Mortar,'' 
granulation  77,350,-  "Moi-tarE.Z.,"  granulation  25,888;  and  "  Mortar  E. 
Z.  A.,"  granulation  31,232.  Three  Afferent  weights  of  projectiles  have 
also  been  fired :  shells  empty;  shells  loaded  with  sand  equal  in  weight 
to  weight  of  bursting  charge;  and  solid  shot;  weighing  respectively  15, 
15J,  and  16J  pounds,  J^ut  all  of  the  Butler  pattern. 

A  summary  of  the  results  and  the  star-gauge  record  are  appended. 

The  gun  has  so  far  stood  the  test  for  endurance  satisfactorily ;  the 
greatest  enlargement  was  at  54''  from  the  muzzle,  and  only  0".017. 

The  bore  remains  smooth  and  perfect,  no  sensible  erosions  having  oc- 
curred. 

Summary  of  remits  of  firings  at  Sandy  Hook,  N,  «/.,  with  Dean^s  3.5-tftcA  bronze  rifle, 

AVERAGES. 


Dates  of  firing. 

1 

Number  of 
rounds. 

Powder. 

Projectile. 

Pressures. 

• 

28,250 

28,000 
44,400 

Velocity. 

Kind. 

Charge. 

Xind. 

Weigbt. 

September  1, 1878 

September  1. 1878 

September  1  ai:d  May 
1   1879« 

S<  ptember  1, 1878* 

Mav  1.1879 

2 

2 
5 

'I 

7 

5 

16 

Mortar.. 

Mortar.. 
Mortar.. 

Mortar.. 
Ju.  £i  .... 

E.  Z 

E.  Z.  A . . 
KZ.A.. 

Pounds. 
24 

I' 
3 

ShfxU  filled 

with  sand. 

Solid  shot 

Solid  sbot 

Pounds. 

154 

163 
1G2 

16^ 

1,264 

1,229 
1,311 

3      Solid  shot             109 

29,000 
2.5,429 
22,600 

1,186 

May  1,1879 

Mrv  1,1879 

3      SheU 

3    '  Solid  sbot. 
3      Shell 

15 

16} 

15 

1.255 
1.227 

May  1,1879 

20,500                1,273 

Total 

50 

1 
1 

rircd  at  mile  target.    Target  plottings  appended;  3  sighting  shots. 


141 


142 


REPORT   OF   THE   CHIEF   OF   ORDNANCE. 


Table  of  enlargements  tf  2^-inck  Deane  bronze  gun. 


Enlargement  of  bore,  after— 


Inches  from  mnzzle. 


Original   

diameter,  j^^^^ 
of  bore,  i  ^f  jg 

,  ronnds. 


3.  .504 
.504 
.504 
.504 
.503 
.503 
.503 
.503 
.503 
.504 
..504 
.505 
.505 
.505 
.505 
.505 
.505 
.505 
.505 
.505 
.505 
.505 
.505 
.505 
.605 
.505 
.505 
.505 
.505 
.505 
.505 
.605 
.505 
.905 
.505 
.505 
.505 
.505 
.505 
.506 
.  506 
.  506 
.506 
.506 
.506 
.506 
.506 
.506 
.507 
.508 
.510 
.512 
.513 
.514 
.514 
.514 
.514 
.514 
.513 
.513 


0.006 
.006 
.005 
.005 
.006 
.006 
.007 
.007 
.007 
.007 
.008 
.007 
.008 
.008 
.009 
.010 
.010 
.010 
.009 
.009 
.010 
.010 
.010 
.010 
.009 
.008 
.007 
.007 
.005 
.005 
.003 
.003 
.003 
.002 
.001 
.001 
.001 
.001 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 


A  total 

A  total 

Atotal 

of  26 

of  36 

of  50 

rounds. 

rounds. 

rounds. 

0.009 

0.010 

0.012 

.000 

.010 

.012 

.010  1 

.010 

.012 

.010 

.011 

.011 

.012 

.012 

.013 

.011 

.012 

.013 

.012 

.012 

.013 

.013 

.013 

.013 

.013  ' 

.013 

.013 

.012 

.012 

.014 

.013 

.013 

.014 

.012 

.013 

.014 

.013 

.013 

.014 

.014 

.014  ■< 

.015 

.014 

.014 

.015 

.014 

.015 

.016 

1          .015 

.015  1 

.016 

1          .015 

.015 

.017 

1          .015 

.015  , 

.016 

1          .016 

.016 

.016 

'          .015 

.015 

.016 

.015 

.015 

.016 

.015 

.015 

.016 

.014 

.015 

.015 

.014 

.014 

.015 

.014 

.014 

'    .014 

.012 

.013 

.014 

.012 

.012 

.013 

.011 

.012 

.013 

.011 

.011 

.012 

.010 

.010 

.011 

.010 

.010 

.011 

.009 

.010 

.010 

.009 

.009 

.010 

.008 

.009 

.010 

.008 

.008 

.010 

.008 

.008 

.010 

.008 

.008 

.010 

.008 

.008 

.009 

.007 

.007 

^         .009 

.007 

.007 

.009 

.007 

.008 

.009 

.007 

.008 

.009 

.007 

.008 

.009 

.007 

.008 

.009 

.007 

.008 

1            .009 

.007 

.008 

.009 

.007 

.009 

.009 

.007 

.008 

1            .008 

.006 

.006 

,            .007 

.005 

.005 

1            .006 

.003 

.003 

1            .004 

.002 

.003 

.005 

.004 

.004 

.006 

.004 

.004 

.006 

.006 

.006 

.006 

.006 

.006 

'            .007 

.006 

.006 

.007 

.007 

.007 

1            .008 

.009 

.009 

.010 

APPENDIX  P. 

IIOTCHKISS  REVOLVING  CANNON,  CALIBER,  1. 5  INCHES. 

(Seventeen  plates.) 

TRIALS  IN  1876  AND  1877. 

A  description  of  the  Hotchkiss  r evolving  cannon. 

THE  GENERAL  SYSTEM. 

The  Hotchkiss  revolving  cannon  cannot  be  classed  with  mitrailleuses 
in  the  ordinary  sense  of  the  latter  term,  as  explosive  shells  are  fired  with 
the  former,  and  it  has  a  range  equal  to  that  of  field-artillery. 

The  system  of  this  gun  may  be  explained  as  follows : 

Five  barrels,  grouped  around  a  common  axis,  are  revolved  in  front  of 
a  solid  breech-block,  which  has  in  one  part  an  opening  to  introduce  the 
cartridges^  and  another  opening  through  which  to  extract  the  empty 
shells,  while  the  cartridges  are  fired  after  being  revolved  and  while  mo- 
tionless in  front  of  the  solid  portion  of  the  breech. 

The  exterior  aspect  of  this  revolving  cannon  resembles  the  Catling 
mitrailleuse,  it  being,  on  the  other  hand,  entirely  different  in  its  interior 
mechanism. 

The  system  is  composed  of  two  distinct  parts,  viz^  the  barrels  with 
their  disks  and  shaft,  and  the  frame  and  breech  containing  the  mechan- 
ism. 

The  five  barrels,  made  of  the  finest  oil- tempered  cast-steel,  are  mounted 
around  a  common  axis,  between  two  disks,  on  a  central  shaft.  The 
series  of  barrels  are  in  this  way  placed  in  a  rectangular  frame,  which  is 
attached  to  the  breech,  the  near  end  of  the  shaft  penetrating  the  same 
to  i*eceive  the  rotary  motion  frt>m  the  driving-gear. 

The  breech  itself  is  composed  of  a  solid  cast-iron  breech-block,  weigh- 
ing about  386  pounds.  This  absorbs  the  greater  part  of  the  recoil.  It 
has  a  door  at  the  rear  end.  which  can  be  easily  opened,  so  that  the  me- 
chanism is  freely  accessible,  and  can,  if  necessary,  be  dismounted  and 
put  back  into  its  place  in  a  few  minutes  without  tue  aid  of  any  special 
tools. 

A  peculiar  feature  of  this  gun  consists  in  the  barrels  remaining  Btill 
during  the  discharge^  so  that  there  is  no  movement  of  any  kind  to  im- 
])ede  the  accuracy  or  the  fire.  This  stop  or  lost  motion  is  obtained  by 
the  shape  of  the  driving- worm,  which  is  so  constructed  that  the  inclined 
driving-thread  only  covers  half  its  circumference,  the  other  half  of  the 
thread  being  straight.  The  effect  of  this  is  that  the  barrels  only  revolve 
during  half  a  revolution  of  the  worm,  and  stand  still  during  the  other 
half  revolution.  The  combination  of  tne  mechanism  is  so  arranged  that 
the  loading,  firing,  and  extracting  takes  place  during  this  pause.  This 
feature  is  of  great  importance  for  the  accuracy  of  fire  and  the  durability 
of  the  system. 

The  worm-shaft  projects  through  the  breech  on  the  right  side,  and  has 
a  crank  with  which  the  whole  system  is  moved;  on  the  left  side  of  the 
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worm-shaft  9>  small  crank  is  attached,  by  which  the  loading  and  extrac- 
tion of  the  cartridge-shells  are  effected  in  the  following  manner : 

On  the  interior  face  of  the  left  side  of  the  breech  a  cog-wheel  is  mounted, 
with  two  horizontal  racks,  the  one  being  placed  above  the  other  under 
this  cog-wheel,  and  parallel  to  the  axis  of  the  barrels,  so  that  in  moving 
one  of  these  racks  the  other  is  moved  by  the  cog-wheel  in  the  opposite 
direction.  Part  of  the  lower  rack  forms  a  vertical  slot,  in  which  the 
small  crank  on  the  left  side  of  the  worm-shaft  works.  The  rotation  of 
the  latter  consequently  gives  an  alternating  and  opposite  movement  to 
the  two  racks,  so  that  while  the  one  is  going  forward  the  other  moves 
back,  and  reciprocally. 

The  under  rack  forms  the  extractor;  the  upper  one  moves  a  piston 
which  drives  the  cartridge  into  the  barrels,  the  cartridge  being  placed 
before  the  piston,  in  the  trough  in  which  it  moves;  and  during  the  time 
the  barrels  are  motionless  it  is  introduced  into  the  one  standing  before 
the  trough.  The  cartridge  is  not  "  driven  home^'  entirely,  but  its  head 
is  in  ^iew  of  an  inclined  i)lane,  cut  into  tlie  metal  of  the  breech,  on  which 
it  slides  when  it  is  moved  by  the  rotation  of  the  barrels.  This  completes 
the  introduction  of  the  cartridge  into  its  chamber.  The  piston  itself  is 
a  simple  cylinder  connected  with  the  rack  and  running  in  a  slot  in  the 
conducting-trough. 

When  the  racks  are  in  their  extreme  positions  they  remain  still  a  mo- 
ment. This  stop  is  obtained  by  giving  the  slot  in  its  center  part  a  cir- 
cular shape  concentrically  to  the  shaft  of  the  crank.  This  is  necessary, 
because  at  the  moment  of  the  barrels  anivingat  the  end  of  their  course 
the  head  of  the  cartridge-case  becomes  engaged  in  the  hooks  of  the  ex- 
tractor, which  would  not  be  possible  if  it  were  in  motion  at  the  time. 

The  extractor  is  a  large  double  hook  at  the  end  of  the  bottom  rack ;  it 
is  very  solid,  and  its  proper  working  is  certain  under  all  circumstances. 

After  the  cartridge  is  extracted  from  the  barrel  it  strikes  against  an 
ejector,  which  pushes  it  out  of  the  extractor,  and  it  falls  to  the  ground 
through  an  opening  in  the  under  part  of  the  breech.  The  firing  pin  has 
an  elongation,  i>ointing  downward,  which,  by  the  operation  of  a  spring, 
is  pressed  against  a  cam  on  the  worm,  and  as  the  worm  rotates  the  cam 
drives  the  tiring-pin  back  and  compresses  the  spring.  The  moment  the 
firing-pin  becomes  liberated  it  strikes  the  piimer  of  the  cartridge  and  tiie 
discharge  takes  place. 

To  obviate  the  difficulties  which  exist  in  other  systems,  when  the  car- 
tridges are  piled  one  upon  the  other,  the  opening  of  the  introduction- 
trough  is  closed  by  a  little  door,  which  goes  down  by  the  weight  of  the 
cartridges,  the  first  of  which  drops  into  the  trough,  and  then  the  piston, 
in  moving  forward,  raises  the  door  and  allows  no  more  cartridges  to  enter 
until  the  proper  time. 

All  parts  of  the  mechanism  are  very  strong  and  durable,  and  hardly 
exceed  in  number  those  of  an  ordinary  small-arm,  there  being,  besides  the 
group  of  barrels,  thirteen  parts,  viz  : 

1,  2.  The  breech-block,  with  its  door  for  closing  the  rear  end. 

3,  4,  5.  The  crank-shaft,  with  its  worm  for  moving  the  barrels,  and 
small  crank  for  working  the  loader  and  extractor. 

6.  The  crank. 

7,  8.  The  firing-pin  and  spiral  spring. 
9.  The  extractor. 

10, 11.  The  loading-piston  and  rack  for  moving  it. 

12.  The  cog-wheel  for  transmitting  the  movement  of  the  extractor  to 
the  loading-piston. 

13.  The  door  for  regulating  the  feed  of  cartridges. 
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Tfie  operation  of  the  ineclianism^  the  rapidity  of  fire,  and  the  number  of 

men  to  worlc  the  gun. 

The  operation  of  the  mechanism  may  be  described  a^  follow?,  supi)os- 
ing  the  crank  to  be  in  continual  motion : 

A  cartridge  is  placed  in  the  introduction-trough,  the  piston  pushes  it 
into  the  barrel,  then  the  barrels  begin  to  revolve,  and  the  cartridge  is 
carried  on  till  it  arrives  before  the  firing-pin,  which  penetrates  the  solid 
part  of  the  breech,  and  which  has  in  the  mean  time  been  retracted  by 
the  action  of  the  cam.  Then,  as  soon  a^  the  cartridge  has  arrived  into 
this  position,  the  barrels  cease  to  revolve,  and  the  primer  of  the  cartridge 
is  struck  by  the  firing-pin  and  discharged ;  then  the  revolution  of  the 
barrels  begins  again,  and  the  fired  cartridge-shell  is  carried  on  until  it 
comes  to  the  extractor;  this,  in  the  mean  time,  has  arrived  up  to  the 
barrels  and  the  cartridge-head  rolls  into  it.  As  soon  as  the  head  is  laid 
hold  of  by  the  extractor  the  barrels  again  cease  to  revolve,  and  during 
this  period  the  cartridge-shell  is  withdrawn  and  dropped  to  the  ground. 
As  during  every  stoppage  of  the  barrels  the  gun  is  supplied  with  a  new 
cartridge,  and  the  firing  and  extraction  is  also  performed,  diuring  this 
time  a  continuous  but  slow  fire  is  kept  up.  By  supplying  the  gun  in 
this  manner  with  single  caitridges,  about  thirty  rounds  per  minute  may 
be  fired. 

Should  rapid  firing  be  required,  the  gun  is  then  supplied,  not  with  sin- 
gle cartridges,  but  with  *<  feed-cases,"  containing  groups  of  ten  cartridges 
each,  and  in  this  manner  from  sixty  to  eighty  rounds  per  minute  can  be 
fired,  with  only  three  men  to  work  the  gnu,  viz,  one  man  to  train  the 
gun  and  revolve  the  crank;  one  man  to  place  the  "  feed-cases"  contain- 
ing the  cartridges  into  the  '^ feed-trough";  and  a  third  man  at  the  am- 
munition-chest to  charge  the  ^'feed-cases,"  and  to  hand  them  to  the 
charger.  * 

Attached  to  the  frame  is  a  turn-table  which  connects  the  cannon  to 
the  '^  trunnion-saddle,"  arranged  in  such  manner  that  without  displacing 
the  carriage  a  certain  amount  of  lateral  motion  as  well  as  of  elevation 
may  be  given  to  the  gun.  Thus  the  gun  is  made  to  sweep  horizontally 
along  a  line,  by  adjustment,  between  each  single  shot  or  during  rapid 
discharge. 

THE  AMMUNITION. 

The  ammunition  for  the  revohing  cannon  consists  of  a  center-fire  me- 
tallic cartridge  of  special  construction,  holding  in  each  one  the  powder, 
the  projectile,  and  the  lubricating- wad,  arrange<l  like  the  similar  ammu- 
nition generally  used  for  small-arms. 

Two  different  kinds  of  projectiles  are  used,  the  one  an  explosive  shell 
and  the  other  a  case-shot.  Nothing  need  be  said  of  the  latter,  as  it  does 
not  differ  from  the  common  case  or  canister  shot  used  in  ordinary  cannon. 

THE   SHELL. 

The  shell  is  of  a  novel  construction;  it  is  of  cast  iron,  of  a  cylindro- 
ogival  shape,  slightly  rounded  at  the  rear  end.  The  packing  consists  of 
a  brass  coat  of  about  one  caliber  in  length,  and  placed  equidistantly 
from  the  center  of  gravity.  This  coat  is  of  soft  brass  tubing,  contracted 
with  great  pressure  over  the  body  of  the  projectile,  it  being  provided 
with  longitudinal  grooves,  and  two  grooves  encircling  it  at  the  top  and 
bottom  ends  of  the  packing.  The  coating  is  forced  into  these  grooves, 
and  any  disturbance  of  it  on  the  body  at  starting  is  thus  obviated.  These 
grooves  serve  at  the  same  time  as  breaking-lines  of  the  shell. 
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After  the  coating  is  attached  to  the  projectile  some  small  saw-tooth- 
like grooves  are  cut  into  it,  to  reduce  the  strain  while  being  forced  through 
the  rifling  of  the  barrel.  These  grooves  can  be  filled  with  a  lubricating 
substance,  and  this  is  then  carried  perfectly  between  the  projectile  and 
the  bore  of  the  barrel. 

The  coating  of  the  projectile  is  conical  at  its  front  part,  corresponding 
with  the  cone  in  the  projectile-chamber,  so  that  it  is  exactly  centered  in 
the  bore  as  soon  as  the  forward  movement  commences.  Its  rear  end  is 
cylindrical  to  within  about  one-third  of  its  length. 

The  shell  is  turned  smooth  all  over,  and  is  nearly  0".016  in  diameter 
less  than  the  bore  of  the  barrel.  This  projectile  is  made  with  great  care 
and  exactness,  with  only  a  very  small  deviation  in  dimension. 

THE  FUSE. 

The  fuse  employed  is  that  known  as  the  Hotchkiss  percussion-fuse, 
used  in  laige  quantities  during  the  last  war  in  America. 

It  consists  of  a  gun-metal  body  closed  ;it  the  front  end  with  a  nose- 
screw,  forming  the  ogival  point  of  the  projectile;  it  has  a  conical  hole 
at  the  rear,  which  is  closed  with  a  lead  plug  (the  safety-plug),  pressed 
in  very  tightly,  so  that  the  plug  jirojects  a  little  through  the  base  of  the 
body-case  toward  the  inside. 

The  plunger  is  composed  of  lead,  cast  into  a  brass  casing  to  strengthen 
it  and  to  prevent  the  lead  from  being  upset  by  the  shock  of  discharge. 
A  brass  wire  is  cast  into  the  lead  of  the  plunger  and  holds  it  suspended 
in  the  case,  the  wire  going  through  the  hole  in  the  bottom  of  the  case 
and  being  held  securely  in  position  by  the  safety-plug.  The  plunger 
has  a  nipple  cast  into  the  lead,  and  is  formed  with  an  oniinary  gun-cap; 
in  its  axis  it  has  a  powder-chamber  containing  the  igniting-charge. 

The  operation  of  the  fuse  is  thus:  The  safety-plug  is  dislodged  back- 
ward into  the  interior  of  the  projectile  by  the  shock  of  discharge;  the 
wire  then  be^ng  not  held  tight  in  the  hole,  the  plunger  is  disengaged 
and  rests  on  the  bottom  of  the  fuse-case,  and  is  free  to  move  in  the  line 
of  axis.  When  the  flight  of  the  projectile  is  suddenly  retarded  by  its 
striking  any  object,  the  plunger,  in  consequence  of  its  inertia,  is  driven 
forward,  and  the  primer  strikes  against  the  nose-screw,  thus  igniting 
the  powder  in  the  channel,  and  so  firing  the  bursting-charge  of  the  pro- 
jectile. 

The  Hotchkiss  percussion-fuse  is  extremely  simple  in  its  construction, 
and  requires  no  adjustment  before  use.  It  is  perfectly  safe  in  transport, 
and  during  all  manipulations  with  the  projectile,  as  the  plunger  is  held 
securely  by  the  safety-plug,  which  must  receive  the  great  shock  of  the 
discharge  to  discharge  it  from  its  hole  and  thus  liberate  the  plunger* 

THE  CAETRIDGE-CASE. 

The  cartridge-case  consists  of  a  spirally-rolled  tube  of  sheet-brass, 
strengthened  at  the  head  with  an  inside  and  an  outside  cup.  The  head 
is  punched  out  of  sheet-iron,  and  is  fastened  to  the  cups  with  thi'ee  rivets. 

The  primer  consists  of  a  case  holding  the  anvil,  and  is  closed  at  the 
bottom  end  by  the  cap  containing  fulminate.  It  is  fitted  into  a  hole 
which  penetrates  the  head  and  both  cups,  and  it  projects  through  into 
the  inside  of  the  cartridge-case. 

This  cartridge,  which  can  be  manufactured  with  great  facility  on  ac- 
count of  its  simplicity,  has  proved  itself  to  be  of  a  very  durable  quality, 
and  it  can  be  used  repeatedly. 
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The  construction  of  the  body  of  the  cartridge  allows  it  to  expand  to 
the  chamber  of  the  gun  without  the  metal  being  stretched,  so  that  after 
the  discharge  it  contracts  itself  again  to  its  previous  diameter,  thus  leav- 
ing the  fired  case  perfectly  loose  in  the  chamber  for  extraction. 

THE  LUBEICATOE. 

The  lubricator  consists  of  a  wad  of  felt  about  0".236  thick,  dipped  in 
a  solution  of  mixed  tallow  and  beeswax.  A  paper  disk  is  placed  between 
the  lubricating-wad  and  the  charge  to  prevent  the  powder  getting  dam- 
aged by  the  greasy  surface  of  the  lubricator. 

The  projectile  is  merely  pressed  into  the  neck  of  the  cartridge  and  is 
not  clinched,  as  there  is  enough  friction  to  hold  it  absolutely  secure. 

Of  course  the  ammunition  is,  as  in  the  case  of  all  modern  small-arm 
ammunition,  which  it  resembles,  rendered  safe  against  influences  of 
weather  and  danger  of  explosion. 

Principal  dimensions  and  tceighiSj  <f'c.,  of  the  gun. 

Caliber 1.457  inches. 

Totallength  of  bore 4  feot2.*2:«  inches. 

Len^h  of  rifling 3  feet  S,8S2  inches. 

Rifling,  one  tnm  in 4  feet  1.212  inches.- 

(Twist  and  depth  of  grooves  uniform.) 

Nnmber  of  grooves 12 

Widthoflands 0.098  inch. 

Depth  of  grooves 0.019  inch. 

Nnmber  of  barrels 5 

Diameter  of  barrel  over  powder-chamber 3. 464  inches. 

Diameter  of  barrel  at  the  mnzzle 2.440  incbes. 

Weight  of  each  barrel 77. 166  ponnds. 

Radius  of  sights 2'  3'.  047 

Vertical  distance  of  the  line  of  sight  from  the  common  axis  of  the 

barrels 2.0866  inches. 

Horizontal  distance  of  the  line  of  sight  from  the  common  axis  of 

the  barrels 6.496  inches. 

Weight  of  gnn 1,047.25  pounds. 

Total  weight  of  gun  with  traversing  apparatus 1, 157. 48  pound s. 

Principal  dimensions  and  weights  of  the  ammunition, 

EXPLOSIVE  SHELL. 

Length  of  body 4.10  •  inches. 

Entire  length  with  fuse ..-.  4.71  inclies. 

Length  of  brads  coating,  equidistant  from  center  of  gravity. ......  1.5  inches. 

Diameter  of  body 1.44  inches. 

Diameter  of  brass  coating 1.49  inches. 

Weight  of  body  of  the  projectile 1  pound  1.4  ounces. 

Weight  of  fuse 3.3  ounces. 

Weight  of  bursting-charge  • 0.74  ounce. 

Total  weight  of  projectile  complete  for  firing 1  pound  5. 58  ounces. 

Weights  and  dimensions  taken  from  shell  fired  by  the  board. 

CASE-SHOT. 

Length  of  case 4.565  inches. 

Exterior  diameter  of  case 1.440  inches. 

Number  of  balls 18 

Diameter  of  each  ball 0.62  inch. 

Average  weight  of  each  ball 1.03  ounces. 

Total  weight  of  shot 1  i)ound9. 4  ounces. 

•  It  would  be  ad\isable  to  use  either  gun-cotton  or  picrate  powder  for  the  bursting- 
•barge,  as  these  would  throw  the  fragments  forward  with  more  force  than  ordinary 
gunpowder  and  thus  produce  a  greater  destructive  effect. 
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CARTRIDGE-CASE. 

Length  of  cartridge-case 4.734  inclies. 

Diameter  of  head 1.791  inches. 

Diameter  of  the  body  near  the  head 1.641  inches. 

Diameter  of  body  in  front 1.476  inches. 

Weight  of  cartridge-case 3.88  ounces. 

CHARGE  OF  POWDER. 

Charge '   4.23  ouncee. 

Proportion  of  charge  to  weight  of  projectile 4. 33 

Weight  of  complete  cartridge 1  ponnd  10. 46  oiuicej*. 

Length  of  complete  cartridge 8. 149  inches. 

THE  CARRIAGE. 

For  the  revolving  caimou  a  special  carriage  has  been  constructed. 
This  was  found  necessary,  as  the  ordinary  field-gun  caniage  is  not  pro- 
vided with  the  means  for  procuring  an  excellent  and  immovable  rest  for 
this  gun. 

The  trail  of  the  carriage  consists  of  two  brackets  of  steel  plate,  con- 
nected by  three  transoms  and  bolts,  the  rear  end  being  connected  by 
the  trail  eye-piece.    The  brackets  diverge  against  the  trunnions. 

The  trunnion  bearings  and  the  bearings  for  the  axle-tree  are  riveted 
to  the  outside  of  the  brackets,  and  are  fitted  in  the  ordinary  manner. 

The  axle-tree  is  of  steel,  the  arms  being  slightly  conical.  The  wheels 
have  metallic  naves  and  riug-tu'es.  The  nave  consists  of  two  parts — 
the  inside  fiange,  with  the  pipe-box,  and  the  outside  flange.  The  spokes 
are  cut  in  a  conical  form  at  their  "hub"  ends  so  that  they  fill  the  nave- 
fianges,  and  the  two  parts  of  the  nave  are  bolted  together  with  the 
spokes  with  six  screws. 

These  wheels  are  very  strong,  and  have  been  found  practical  and  eco- 
nomical in  service,  and  they  allow  spokes  to  be  easily  substituted  for 
others  when  broken. 

The  elevating  arrangement  consists  of  a  screw  working  in  a  gun-metal 
nut  resting  in  the  oscillating  bearing.  This  jiut  is  revolved  by  conical 
gear-wheels  from  the  left  side  of  the  trail,  the  top  end  of  the  screw  being 
attached  to  the  trunnion  saddle-plate. 

The  handspike  is  hinged  to  the  trail  so  as  to  fold  back  in  traveling. 
A  tool-box  is  placed  between  the  trail;  this  at  the  same  time  makes  a 
solid  connection  of  the  trail -brackets. 

The  carriage  of  the  revolving  cannon  is  usually  provided  with  a  light 
steel  shield  for  the  protection  of  the  gunners  from  small-arms  fire. 

This  shield  is  of  three  parts,  made  to  fold  together,  thus  forming  seats 
for  two  men.  It  can  immediately,  when  coming  into  action,  be  unfolded, 
and  only  the  muzzles  of  the  barrels  and  the  wheels  of  the  carriage  are 
exposed  to  the  enemy.    The  steel  plates  are  about  0.236  inch  in  thickness. 

Two  boxes  are  attached  to  the  axle-tree,  each  to  carry  three  feed-cases 
loaded  with  ten  rounds  of  ammunition. 

On  the  carriages  not  pro^ided  with  a  shield  these  ammunition-boxes 
are  protected  by  light  steel  plates  in  front,  and  have  a  lid  of  steel,  which, 
when  raised,  forms  a  small  protecting  shield,  and  when  closed  they  form 
seats  for  two  gunners,  so  that  with  two  or  three  gunners  on  the  limber 
a  sufficient  number  of  men  to  serve  the  piece  would  be  taken  into  action 
with  the  gun  itself. 

To  check  the  recoil  of  the  gun,  a  brake  of  the  following  construction 
is  used : 

Each  axle-arm  has  a  screw  cut  on  its  extremity ;  this  carries  a  nut 
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forming  a  conical  cap,  partly  enveloping  the  front  side  of  the  wheel- 
nave,  which  is  likewise  conical  to  fit  the  inside  of  the  cap ;  this  has  a 
short  crank,  by  which  it  can  be  revolved  on  the  axle.  When  screwed 
up  this  cap  grips  the  cone  of  the  nave  of  the  wheel,  and  the  tighter  the 
cap  is  screwed  up,  so  the  wheel  turns  with  the  more  difficulty  on  its  axis, 
until  it  gets  immovably  locked  on  the  axle  by  the  friction  of  the  cones. 
When  the  cap  is  unscrewed  it  is  disengaged  from  the  w^heel,^  which  can 
then  turn  freely  on  the  axle.  The  screws  on  the  ends  of  the  axle-arms 
have  right  and  left  handed  threads,  so  that  the  caps  become  tightened, 
by  the  effect  of  the  recoil. 

This  brake  is  used  at  the  same  time  as  an  ordinary  traveling-brake, 
and  it  can  be  applied  without  the  carriage  being  stopped,  as  is  necessary 
with  the  shoe-brake  commonly  used  on  gun-carriages. 

Principal  dimenawns  and  iceights  of  the  carriage, 

• 

Weight  of  carriage^  with  wheels,  ammnnition-boi^es,  and  accessories, 

complete ,  1,169  pounds. 

Weight  of  steel  shield 331  pounds. 

Weight  of  wheels,  each 187  pounds. 

Diameter  of  wheels • 55  inches. 

Weight  of  trail  on  the  ground 99  pounds. 

Weight  of  trail  when  hooked  on  limber-hook 44  pounds. 

Track  of  wheels ,  59  inches. 

Anglo  of  trail  with  the  ground 17<^  30' 

Height  of  trunnions  above  the  ground 42  indues. 

Extreme  angles  of  elevation  and  depression — 5^-f-^^ 

Greatest  augle  of  dispersion  with  horizontal  training  apparatus 3^ 

THE   LIMBER  AND  THE   A3OIUNITI0N-CHEST. 

» 

The  limber  resembles,  in  general  construction,  the  French  govern- 
ment service-limber ;  it  consists  of  a  frame-work  of  wood,  placed  upon 
wheels  of  equal  size  and  construction  as  those  of  the  gun-carriage.      . ' 

The  axle-tree  is  of  steel ;  it  has  no  axle-tree  bed,  but  is  attached  di- 
rectly to  the  "  futchells." 

The  trail  of  the  gun-carriage  hooks  up  to  a  hook-pintle  attached  to 
the  axle-tree.  The  limber  has  a  swing  splinter-bar  to  which  the  traces 
of  the  horses  are  attached,  and  the  shaft  is  arranged  for  double-draught. 

The  limber  carries  an  ammunition-chest  made  of  wood,  conveying 
four  hundred  rounds  of  ammunition,  and  it  is  fitted  witih  four  boxes, 
each  containing  one  hundred  rounds.  The  cartridges  are  held  immov- 
ably in  the  boxes  trhen  the  lids  are  closed,  to  prevent  their  being  injured 
in  traveling  over  rough  roads.  The  ammunition-chest  is  covered  with 
painted  sail-cloth  and  is  rendered  water-tight ;  the  corners  are  protected 
by  angle-irons,  and  it  is  attached  to  the  limber  by  two  hooks  and  screws. 

The  weight  of  the  limber,  with  ammunition-chest  complete,  is  661 
pounds. 

Summary  of  principal  tveights. 

Poands. 

Gun,  with  lateral-training  apparatus 1,213 

Carriage,  with  all  accessories 926 

Limber,  with  ammunition-chest 661 

Four  hundred  and  sixty  rounds  of  ammunition 761 

Four  gunners - 529 

Total 4,090 

This  weight  distributed  over  six  horses  gives  680  pounds  per  horse,  a 
v.ery  low  rate,  the  usual  weight  for  the  draught  of  a  horse  in  light-artil- 
lery being  about  771  pounds  j  so  that  this  gun  possesses  that  which  in 
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modem  warfare  is  so  necessary — ^the  quality  of  easy  transportability  to 
a  satisfactory  extent.* 

Since  the  publication  of  the  above,  Mr.  Ilotclikiss  has  made  a  sliglit 
improvement  in  his  shell,  which  has  been  satisfactorily  tried  by  the 
Board. 

The  improved  Hotchkiss  shell  is  with  its  fuse  a  little  less  than  three 
calibers  in  length,  or  about  sev^en-sixteenths  inch  shorter  than  the  one 
just  described,  from  which  it  differs,  with  the  above  exception,  in  the 
following  particulars  only:  The  new  shell  has  four  circumferential 
grooves  separated  by  ribs  about  one-twentieth  inch  wide,  and  longitu- 
dinal cuts  between  ribs.  The  tubing,  about  one  caliber  in  length  and 
one-sixteenth  of  an  inch  thick,  instead  of  being  corrugated  on  the  ex- 
terior, as  in  the  old  shell,  is  perfectly  smooth,  and  is  contracted  into 
place  by  a  slight  pressure  only.  The  gas  from  the  discharge  presses  the 
packing  so  firmly  into  the  grooves  and  cuts  that  it  cannot  rotate  inde- 
pendently of  the  projectile,  and  the  rifling  is  impressed  on  the  ribs  only 
covered  by  the  tubing. 

Its  dimensions  and  weights  arc  as  follows  : 

Len<;tli  of  body .* XGG  inches. 

Entire  length  witli  fuse 4/27  inches. 

Length  of  hraHs  coating 1.5    inches. 

Diameter  of  hody * 1.44  inches. 

Diameter  of  bni8H  coating. s. 1.49  inches. 

Weight  of  hody  of  the  project ile 1  pound  1.4  ounces. 

Weight  of  fuse *3.3    ounces. 

Weight  of  hurst  ing-charge O.SS  ounce. 

Total  Aveight  of  projectile  complete  for  firing 1  pound  5.J;8  onuccj*. 

RESULTS  OF  FIRIXa  AT    SANDY  HOOK,  NEW  YORK  HARBOR. 

On  the  11th  of  September,  1876,  the  preliminary  trial  of  the  gun  took 
l)laee,  Mr.  Hotchkiss  being  present. 
•  Forty  rounds  were  fired  with  new  mortar-powder,  testing  the  working 
of  the  gun.  On  the  12th  and  22d,  same  mouthy  the  gun  was  flred  for 
itiitial  velocities,  the  average  of  three  rounds  new  mortari)Owder  giving 
1,294  feet ;  of  12  rounds,  musket,  1,572  feet ;  and  of  18  rounds,  old  mor- 
tar, 1,458  feet.  September  21  and  22,  72  rounds  were  fired  at  a  target 
1,0()0  yards  distant,  and  51  rounds  at  a  2,000-yard  target,  not  including 
sighting-shots.  (See  targets  marked  A  and  B,  plates  V  and  VI,  appended.) 
September  22,  4  rounds  of  shell  and  26  of  canister  were  fired  at  a  200- 
yard  target.  The  working  of  the  canister  not  being  very  eflfective,  no 
further  taials  were  made  with  it  at  even  these  short  ranges,  the  shell, 
everj^thing  considered,  being  deemed  more  satisfactory  than  canister. 
On  the  3d  of  October  the  gun  was  again  fireA  72  rounds,,  testing  its 
working.    Up  to  this  time  309  rounds  in  all  had  been  fired. 

A  supply  of  3,000  rounds  of  ammunition  having  been  procured,  the 
Board  resumed  its  experiments  Kovember  23, 1876,  and  concluded  them 
February  15, 1877. 

November  23, 1876, 115  rounds  were  fired  at  target  2,000  yards  dis- 
tant, and  the  time  taken  of  firing  20  and  51  shots ;  and  on  the  24th  of 
November,  15  rounds  were  fired  at  targets  ^,640  yards  distant,  but 
owing  to  high  winds  the  firing  was  suspended  and  targets  not  tabulated. 

On  the  2d  of  December,  143  rounds  were  fired  at  1,000-yard  targets, 
not  including  7  sighting-shots.    (See  targets  marked  C,  plate  VII,  ap- 

*  The  foregoing  fl(^8criptioii  of  gun,  shells,  &c.,  was  taken  from  the  pamphlet  of  Mr. 
Alfred  Koener,  published  in  Paris,  1874.  Tlie  French  measures  have  been  transferred 
into  our  own  forconviiuiouce  of  reference. 
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peuded.)  One  lumdred  and  seventy  rounds  were  fired  at  2,000-yard 
targets,  not  including  4  sighting-shots.  (See  targets  marked  D,  x^late 
YIII,  appended.) 

On  January  25,  1877,  102  rounds  were  fired  at  10  targets,  the  first 
being  200  yards  distant ;  and  on  same  date  lOO  rounds  were  fired  at  2 
targets,  the  first  the  same  distance  from  gun.  (See  targets  marked  B 
and  F,  plates  IX  and  X,  appended.) 

On  February  14, 1877,  44  rounds  were  fired  at  targets  200  yards  dis- 
tant, and  on  the  loth  100  rounds  were  fired  at  targets  1,000  yards  dis- 
tant, not  including  12  sighting-shots.  (See  targets  marked  G  and  H, 
plates  XI  and  XII  appended.) 

This  makes  a  record  of  1,136  rounds  in  all  fired,  and  throughout  the 
firing  the  gun  worked  well.  There  were  four  failures  in  the  ammuni- 
tion during  the  early  part  of  the  firing,  owing  to  the  weakness  of  the 
firing-pin  spring,  but  after  this  spring  was  changed  no  failures  occurred. 

The  fuses,  with  one  exception,  worked  perfectly ;  on  examining  this 
fuse  after  filing,  it  was  discovered  that  the  fuse-firing  pin  on  nose-screw 
was  broken,  which  would  readily  account  for  the  failure  to  explode. 

The  cartridge-cases,  of  wrapped  metal,  worked  well,  extracted  easily, 
and  no  gas  escaped.  The  loader  anJl  extractor  worked  easily  and  well, 
as  did  the  mechanism  generally.  There  was  no  wabbling,  tumbling,  or 
stripping  of  projectile,  the  brass  coat  or  packing  taking  the  grooves  well 
in  all  ca^es.  In  fact,  with  the  exception  of  the  four  miss-tires  and  one 
failure  to  explode,  already  explained,  everything  worked  very  satisfac- 
tory during  the  entire  firing. 

The  si)ecial  carriage  for  this  cannon  seems  strong,  compact,  and  serv- 
iceable, and  possesses  some  novel  features.  The  recoil-brake,  which  takes 
the  place  also  of  the  ordinary  shoe-brake,  is  secured  to  the  axle-arm, 
jand  works  by  means  of  a  short  lever.  This  brake,  and  also  the  shield, 
which,  when  not  in  use,  folds  and  forms  seats  for  the  cannoniers,  have 
been  fully  described  heretofore.  There  is  also  at  the  end  and  underside 
of  trail  a  f)ointed,  wedge-shaped  piece  of  iron,  which,  being  forced  into 
the  wooden  platform  or  ground,  prevents  the  trail  from  moving  during 
firing. 

ACCURACY  AND  EFFECT. 

The  targets  were  made  of  one-half  inch  and  one-inch  boards,  and  were 
constructed  in  sections,  which  enabled  them  to  be  rapidly  erected  and 
placed  in  their  required  position. 

It  will  be  seen  (Record  of  Firing,  appended)  that  they  were  grouped 
for  the  different  ranges  of  200, 1,000,  and  2.000  yards,  and  that  the 
sizes  were  such  as  to  cover,  generally,  all  cases  of  different  army  forma- 
tions.  All  the  useful  effects  of  fire  were  thus  recorded  on  them  and  its 
full  value  made  apparent. 

Results  at  200  yards.     Targets  E^  F,  (7,  appended — Plates  ZX,  X^  aiid  XL 

Three  different  series  of  targets  were  placed  at  200  yards.  At  the  first 
(10  targets,  52  feet  by  6  feet,  50  feet  apart)  102  shells  were  fired,  giving 
2,140  hits.  At  the  second  (2  targets,  52  feet  by  11  feet,  75  feet  apart) 
100  shells  were  fired,  giving  1,045  hits.  At  the  third  (2  targets,  26  feet 
by  6  feet,  75  feet  apart)  44  shells  were  fired,  giving  309  hits. 

The  destructive  effects  on  the  first  series  are  apparent,  giving  about 
1,600  hits  per  minute,  and  using  only  about  125  pounds  of  metal. 

The  other  series  also  illustrate  the  destructive  i>ower  of  this  weai)on 
at  short  ranges,  such  as  would  be  used  in  the  service  of  our  armament 
for  the  flank-defenses  of  our  sea-coast  fortifications. 


152         REPOKT  OF  THE  CHIEF  OF  ORDNANCE. 

Results  at  1,000  yards.    Targets  A  and  C,  appended — Plates  Vand  VIL 

Two  targets  (11  feet  by  26  feet)  were  made  at  this  distance,  firing  in 
the  first  case  72  rounds  and  in  the  second  143.  The  total  number  of  hits 
was  1,597  for  215  projectiles  in  all  fired.  As  the  time  of  firing  is  about 
80  rounds  per  minute,  an  analysis  shows  that  a  continuous  and  danger- 
ous fire  (about  590  hits  per  minute)  can  be  secured  at  this  range.  A 
third  series  (target  H,  appended,  plate  XII),  firing  at  10  targets  (52  feet 
by  6  feet,  50  feet  apart,  and  representing  a  regiment  in  column)  was 
made,  using  100  shells ;  1,626  hits  were  noted.  This  gives  a  continuous 
and  dangerous  fire  of  1,300  hits  per  minute,  and  using  only  125  pounds 
of  metal — ^results  not  yet  attained  in  any  other  machine-gun,  nor  with 
our  present  field-artillery.  The  range  of  1,000  yards,  however,  is  one 
too  long  for  accurate  eft'ects,  generally,  from  the  lighter  caliber  of  other 
machine  systems  (fired  even  with  great  deliberation). 

Results  at  2,000  yards.     Targets  B  and  D— Plates  VI  and  VIIL 

The  targets  made  at  this  distance  were  accomplished  by  firing  221 
rounds,*  and  the  total  number  of  hits  was  1,019 ;  a  continuous  and  dan- 
gerous fire,  at  this  range,  of  370  hits  per  minute. 

Any  comparison  at  this  distance  ceases  with  other  machine-guns ; 
and  we  have  to  consider  the  system  at  this  range  as  a  competitor  of 
field-cannon. 

No  direct  comiiarisons  have  been  as  yet  made  by  the  board  between 
the  Hotchkiss  revolving  cannon  and  the  ordinary  field-pieces,  but  at  is 
thought  weU  to  allude  in  this  connection  to  the  more  recent  practice 
with  the  most  approved  field-artillerv.  The  recent  experiments  in  Aus-  ^ 
tria  are  probably  the  best  so  far  made,  and  will  afford  us  a  fair  compar-  * 
ison.  This  comparison  will  be  incomplete,  but  this  incomi)letenes8  will 
fiavor^the  field-artillery  rather  than  the  Hotchkiss  system. 

The  records  alluded  to  show  that  40  shells, "  with  double  walls,"  weigh- 
ing in  the  aggregate,  say,  560  pounds,  gave  1,497  hits  on  targets  placed 
at  1,658  yards.  The  time  required  for  accurate  firing  could  not  have 
been  less  than  ten  minutes.  This  amount  of  metal  if  delivered  from 
the  Hotchkiss  revolving  cannon  would,  if  a  ratio  following  from  the  re- 
sults already  quoted  is  accepted,  give  2,000  hits,  and  at  a  distance  of 
2,000  yards,  and  in  a  time  of  seven  minutes. 

Comparison  cannot  be  made  at  the  maximum  ranges  (4,000  yards)  re- 
ported by  the  Austrian  artillery,  as  no  records  are  yet  made  at  this  dis- 
tance with  the  revolving  cannon. 

RESULTS  IN  FRANCE  AND  BRAZIL. 

An  inspection  of  the  results  of  firing  at  Gavre  will  show  that,  at  a 
range  of  nearly  2,000  yards,  as  favorable  results  as  those  given  at  Sandy 
Hook  were  attained ;  the  rapidity  of  fire  being  the  same,  and  the  num- 
ber of  hits  (354).in  a  record  of  80  shots  showing  nearly  the  same  percent- 
age as  our  results  at  the  above-mentioned  range.  The  range  and  accu- 
racy attained  also  show  a  capacity  for  eft'ective  fire  up  to  about  5,500 
yards. 

The  trials  also  at  Gavre  with  the  revolving  cannon,  French  marine 
model,  also  gave  strong  confirmatory  evidences  of  its  superiority  in  range 
and  accuracy,  besides  its  effectiveness  in  other  respects. 

The  results  in  Brazil  are  also  highly  favorable  to  the  gun  and  the  offi- 
cial opinions  of  its  merits  decided. 
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DISCUSSION  OF  THE  SYSTEM. 

The  introduction  of  this  gun  has  marked  a  new  departure  in  that 
class  of  arms  which  next  succeeds  in  x>ower  the  personal  weapons  of 
the  soldier;  and  it  gives  fair  promise  as  a  powerful  auxiliary  to  our 
modem  field  systems  and  to  our  present  contemplated  armaments  for 
the  defense  of  the  short  flank-lines  of  our  permanent  works. 

It  is  evident  that,  in  the  latter  service,  a  long-range  gun  capable  of 
securing  an  intense,  accurate,  continuous,  and  deadly  fire  at  the  short 
ranges  ordinarily  employed  for  this  service,  and  having  most  of  the  ad- 
vantages of  the  howitzer-fire,  formerly  fully,  and  now  partially,  relied 
upon  for  protecting  our  ditches  and  ilank-Unes  under  all  ordinary  cir- 
cumstances of  attack,  must  prove  a  highly  desirable  adjunct,  if  not  a 
superior  means  of  defense  to  the  present  systems  employed ;  limited  a» 
they  are  in  power,  and  consequently  in  range,  and  without  superiority 
in  rapidity  and  continuity  of  fire  or  in  deadly  effects. 

Its  range  is  at  least  5,500  yaj'ds,  whi«h  renders  it  equally  as  powerful 
as  a  sheU-gun  in  this  respect,  and  one  capable  of  guarding  the  ap- 
proaches to  works,  either  permanent  or  field,  at  shell-gun  distances^ 
while  at  the  same  time  being  effective  at  ranges  of  1,000  to  1,500  yards, 
the  maximum  distances  ordinarily  required  to  be  covered  by  our  flank- 
defense  armaments. 

Its  power  for  delivering  a  continuous  and  uninterrupted  effective  fire 
at  ranges  indifferently  from  the  shortest  range  required  up  to  three  miles,. 
would  seem  to  point  to  it  or  a  similar  system — employing  the  same  gen- 
eral principles — as  being  a  necessity  for  introiluction  in  the  future  arma- 
ment of  our  forts,  and  for  service,  when  occasion  demands,  in  our  field- 
works. 

In  this  connection,  as  germane  to  the  question  of  flank-defense,  the 
Board  would  call  attention  to  the  importance  of  the  introduction  into 
our  service  of  a  shell-gun  of  more  accunu*y,  length  of  range,  and  de- 
structiveness  and  rapidity  of  fire  than  the  present  8-inch  howitzer.  This, 
it  is  believed,  can  be  attained  by  a  breech-loading  rifle-ho\i4tzer  of  a 
caliber  of  G  inches,  throwing  canis.ter  for  short  ranges  as  well  as  case- 
shot,  and  using  the  latter  with  percussion  or  concussion  fuses ;  and  for 
all  ranges  a  special  case-shot  weighing  Go  pounds,  and  containing  bul- 
lets, 14  to  the  x>ound ;  also,  canister  of  a  weight  of,  say,  54  i)ounds, 
using  0.8-inch  lead  bullets,  and  a  shell  of  01  pounds. 

The  effects  with  these  projectiles  must  be  decidedly  sui>erior  to  those 
attainable  with  our  present  8-inch-howitzer  ammunition,  and  in  order  to 
I)erfect  a  flank-defense  howitzer  it  is  recommended  that  experiments  in 
the  direction  indicated  also  be  undertaken  in  connection  with  others 
now  x>ending,  looking  to  a  i)roper  armament  of  our  flank-defenses. 

REGARDING   FIELD  SERVICES. 

It  is  evident  that  this  system  gives  promise  of  proving  a  valuable 
and  powerful  auxiliary  to  the  light  artillery  of  our  service. 

Its  equahty  in  range,  its  greater  capacity  for  delivering  a  deadly,  in- 
cessant, and  widespread  fire  at  all  field-ranges,  and  with  decidedly  su- 
perior rapidity ;  its  stabihty  when  fired,  abolishing  all  but  the  ordinary 
initial  pointings,  and  its  evident  superiority  in  pursuing  retreating  col- 
umns, give  it  some  decided  advantages,  apparently,  over  our  ordinary 
field-guns. 

For  the  effects  of  artillery-fire,  however,  where  penetration  is  desira- 
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ble,  and  where  destructive  effects  of  solid  shot  and  shell  in  rapidly  de- 
molishing large  objects,  &c.,  are  required,  we  must,  of  course,  yield  the 
advantage  to  the  larger  calibered  field-pieces. 

Its  uses,  however,  as  a  powerful  auxiliary  to  the  service  under  consid- 
eration cannot  be  doubted  from  the  above  considerations ;  and  the  Board 
believes  that  its  great  efficiency  as  a  field-piece,  when  tested,  will  iirob- 
ably  be  established. 

RECO^niENDATIONS. 

The  results  of  the  above-recorded  tests  of  the  Hotchkiss  revolving 
cannon  at  Sandy  Hook,  and  the  records  of  the  results  obtained  abroad, 
lead  the  Board  to  recommend  further,  more  extended  and  exhaustive 
trials  to  fully  determine  it«  merits,  with  a  view  to  its  final  adoption  as 
an  auxiliary  arm,  not  only  for  flank  defense  but  for  other  branches  of  the 
service.  To  further  this  end  tlie  Board  recommends  the  procurement  of 
at  least  4  guns  (the  number  to  be  governed  by  the  state  of  the  appro- 
priation) of  the  model  and  calibeV  tested ;  and  with  a  supply  of  ammu- 
nition not  exceeding  2,000  rounds  per  gun,  the  carriages  needed  to  be 
made  at  the  Watervliet  arsenal,  after  well-matured  drawings  to  suit  the 
nature  of  our  service.  Two  of  the  guns  procured  to  be  placed  in  the 
field,  to  be  reported  upon  after  thorough  trial,  and  two,  with  carriages 
adapted  for  flank-defense  casement-service,  to  be  placed  in  some  of  our 
<?asemated  works  for  trial  and  tests.  It  further  recommends  that  ex- 
periments be  continued  with  the  present  gun  at  Sandy  Hook. 

Extract  of  the  report  of  the  trial  of  B.  B,  Hotchkiss  r e voir er  cannon,  made 

by  the  French  Qovernment  at  Gavre. 

GENERAL   OBSERVATIONS. 

The  mechanism  of  the  cannon  revolver  is  simple,  and  substantiiilly 
made. 

The  traverse  apparatus  is  simple,  and  works  satisfactorily. 

The  iron  gun-carriage  has  worked  well  during  all  the  trials. 

The  fuse  is  simple,  without  any  danger  for  manipulation,  and  requires 
no  preparations  on  the  battle-field. 

Ballistic  properties, — The  elevation  for  the  maximum  range  is  about 
350  5  range,  4,000™  (about  5,031  yards).  The  accuracy  of  the  revolver 
cannon  in  horizontal  deviations  is  remarkable,  and  very  much  superior 
to  that  of  the  mitrailleuse. 

Obturatians, — The  gas-check  produced  by  the  cartridge  has  been  con- 
stantly good.    The  system  of  the  cartridge-case  is  a  good  one. 

Working  of  mecMnism, — The  working  of  the  firing-pin  has  been  con- 
stantly good.  The  loader  worked  always  well  during  all  trials.  The 
principle  of  the  extractor  is  a  good  one.  The  traverse  motion  and  the 
elevating-screw  worked  always  well. 

Working  of  the  brass  coats  of  projectiles. — The  projectiles  examined 
after  firing  showed  the  print  of  the  bands  on  the  coat  very  distinctly, 
and  of  the  same  width  as  the  bands.  The  results  show  this  principle 
of  the  brass  packing  to  be  a  good  one. 

Time  of  salvos. — Mean  time  for  ten  shots,  11.6  seconds. 
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RESULTS  OF  FIRING.   (EXTRACT  OF  REPORT.) 

Firing  against  a  battaUan  in  columns  hy  division  at  entv  e  distances.    (Ex- 

periments  of  21th  February^  1873.) 

The  battalion  is  represented  by  3  targ^ets  of  1.80  meters  (about  6  feet) 
height  and  70  meters  (about  230  feet)  width.  The  first  at  1,650  meters 
(about  1,804  yards)  from  the  cannon.  The  second  at  1,720  meters  (about 
1,881  yards).    The  third  at  1,790  meters  (about  1,957  yards). 

Powder-charge,  d^o  grammes;  bursting-charge,  20  grammes;  powder 
of  Bipault. 

Angle  offire,6o  36'. 

Two  salvos  of  40  shots  fired,  the  first  without  traversing,  the  second 
with  traversing. 

The  number  of  projectiles  or  pieces  which,  per  hundred,  reached  the 
targets  are,  for  the  revolver  cannon,  70. 

In  comparing  this  result  with  those  obtained  by  the  Gatling  mitrail- 
leuse in  the  same  condition,  it  was  found  for  the — 

Caliber  .45,  Gatling  mitrailleuse  No.  150,  number  of  hits,  11.25. 

Caliber  .45,  Gatling  mitrailleuse,  No.  161,  number  of  hits,  3.72. 

The  superiority  of  the  revolver  cannon  is  well  marked. 

Firing  with  shells  against  a  battalion  in  column  by  division  at  entire  dis- 
tances.   {Tests  of  2oth  July,  1873.) 

The  batt^ilion  is  represented  by  6  targets  of  1.80  meters  (about  6  feet) 
height  and  35  meters  (about  115  feet)  width.  The  distance  between  is 
35  meters  (about  115  feet.)  The  last  target  1,795  meters  (about  1,963 
yards)  from  the  revolver  cannon. 

Powder-charge,  85  grammes ;  bursting-charge,  20  grammes ;  powder 
of  liipault.  The  firing  is  regulated  to  drop  the  projectiles  between  the 
third  and  the  fourth  targets. 

Angle  of  fire,  6°  30'. 

Two  salvos  of  40  shots  fired  without  traversing. 

The  number  per  hundred  of  hits  is,  for  the  revolver  cannon^ 

First  salvo,  109 ;  the  second  salvo  of  40  shots  fired  in  30  seconds ; 
second  salvo,  245. 

For  the  1st  caliber,  Gatling  mitrailleuse  No.  81 :  first  salvo,  24 ;  sec- 
ond salvo,  48 ;  third  salvo,  57.3. 

For  the  .65  caliber  Gatling  mitrailleuse  No.  10 :  first  salvo,  25 ;  second 
salvo,  35 ;  third  salvo,  54 ;  fourth  salvo,  18.7. 

The  Hotchkiss  revolving  cannon,  therefore,  produces  a  much  superior 
effect  to  that  of  the  mitrailleuse  Gatling. 

Firing  against  a  steel  plate  of  10  millimet'ers  {about  0.3937  inch)  thick  ;  dis- 
tanccj  150  ineters  {about  492  feet).    {Experiments  of  July  25,  1873.) 

Three  shots. 

1.  Goes  through  and  explodes  in  coming  out. 

2.  Goes  through  and  exjilodes  in  coming  out. 

3.  The  shot,  badly  directed,  hits  at  left  a  sheet-iron  of  10  millimeters 
(about  0.3937  inch)  thick,  supported  by  a  piece  of  oak  of  20  centimeters 
(about  7.874  inches)  square.  The  projectile  exploded  in  the  wood,  which 
was  split  to  the  length  of  about  one  meter  (about  (3.28  feet.)  The  hole 
measures  behind  alK)ut  seven  centimeters  (about  2.76  inches)  of  width. 
The  piece  of  iron  detached  from  the  sheet  went  through  the  wood  and 
dropped  at  4  or  5  meters  (about  15  feet)  beyond. 
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SENSIBILITY  OP  FUSES. 

The  cannon  was  pointed  seaward  and  fired. 

1.  Two  shots  at  an  angle  of  2'.  The  shell  exploded  on  touching  the 
water, 

2.  One  shot  at  +  15'.  Tbe  shell  exploded  on  touching  the  water.  ' 

3.  One  shot  at      2^.    The  shell  exploded  on  touching  the  water. 

4.  One  shot  at      3o.    The  shell  exploded  on  touching  the  water. 

5.  One  shot  at      5°.    The  shell  exploded  on  touching  the  water. 

TRIAL  OF  SAFETY  OF  FUSES  (2i>TH  JULY,  1873). 

Three  shells  were  suspended  by  a  string,  the  point  downwanl.  When 
the  string  was  cut  the  shell  with  the  fuse  fell  on  a  sheet-iron  plate  the 
height  of  3.32  meters  (about  11  feet).  The  fuse  did  not  explode  and  the 
mechanism  did  not  move. 

TRIAL  OF  FUSES   (EXPERIMENTS  21ST  JANUARY,   1874). 

All  the  empty  shells  penetrated  into  the  earth  from  30  to  40  centime- 
ters (about  13  inches)  depth.    The  fuse  had  exploded  in  all  that  were 

found. 

« 

RANGE  (EXPERIMENTS  OF  JANUARY  20,  1874). 

Charge  of  powder,  150  grammes  "  R.  L.  GJ^  Some  of  the  projectiles 
fired  at  30^  elevation,  which  were  not  found,  struck  the  ground  at  a  dis- 
tance of  5,000  meters  (about  5,468  yards). 

The  projectile  fired  at  35^  elevation  had  a  range  exceeding  5,000  me- 
ters (exceeding  5,468  yards).  Some  of  the  assistants,  saw  it  fall,  but 
could  not  find  it  because  the  ground  was  too  rough. 

ACCURACY  (EXPERIMENTS  OF  JANUARY,  1874). 

Powder-charge,  100  grammes,  powder  ofRipault;  angle  of  fire,  35^. 

Shell. 

Mean  range,  4,014  meters  (about  4,390  yards). 

Maximum  range,  4,023  meters  (about 4,400  yards). 

Minimum  range,  3,998  meters  (about  4,372  yards). 

Diiference  in  range,  25  meters  (about  27  yards). 

Maximum  deviation,  64.2  meters  (about  70.21  yards). 

Minimum  deviation,  60.2  meters  (about  65.83  yartls). 

Difference  in  deviation,  4  meters  (about  4.38  yards). 

The  shells  fired  hit  the  ground  at  over  4,000  meters  (about  4,375  yanls) 
distance,  within  a  space  of  25  meters  (about  27  yards)  length  and  4 
meters  (about  4.38  yards)  wide. 

Solid  shot. 

Mean  range,  4,454  meters  (about  4,871  yards). 

Maximum  range,  4,466  meters  (about  4,884  yards). 

Minimum  range,  4,442  meters  (about  4,857  yards). 

Difference  in  range,  24  meters  (about  26  yards). 

Maximum  deviation,  62  meters  (al)out  67.8  yanls). 

Minimum  deviation,  60.6  meters  (about  66  yards). 

Difference  in  deviation,  1.4  meters  (about  1.5  yards). 

The  projectiles  hit  the  ground  at  a  distance  near  4,500  meters  (about 
4,921  yards),  within  a  space  of  24  meters  (about  26  yards)  length  and 
1.4  meters  (about  1.5  yards)  wide. 
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Extract  from  the  report  upon  the  Hotchkiss  revolving  camwn^  model  of  the 
French  marine, — {Experiments  of  Gavre^  February  and  March,  1877.) 

The  modifications  applied  to  tlie  cannon-revolver  for  the  service  of 
the  marine  have  had  for  their  principal  object  the  giving  tc  the  piece  a 
8afticient  lightness  and  mobility  to  enable  the  same  man  to  execute  a 
continuous  tire  and  to  rectify  the  pointing  at  each  shot. 

The  necessary  mobility  has  been  obtained  by  mouuting  the  piece  ui>on 
a  fork  pivoted  in  a  socket,  and  this  is  rendered  sufficient,  because*  the 
cannonier  who  i)ointft  supports  the  left  shoulder  against  a  trail-piece 
and  holds  with  the  left  hand  a  handle  placed  under  the  breech,  and, 
while  tiu'ning  with  the  right  hand  the  crank,  is  able  at  the  same  time  to 
follow  the  object  with  the  line  of  sight. 

It  is  proposed  to  have  some  small  pieces,  which,  placed  upon  different 
parts  of  a  vessel,  shall  be  able  to  protect  disembarkation  from  small 
crafts  and  torpedo-boats. 

To  fultiU  this  object  we  should  have  great  accuracy  up  to  2,187  and 
2,734  yards,  sufficient  rapidity  of  fire,  and  penetration,  at  these  distances, 
of  plates  from  .20  inch  to  .24  inch ;  also  the  piercing  iif  sheathing  of 
launches. 

PENETRATION  OF   THK    SHELLS. 

The  shell  of  14.85  ounces,  of  ordinary  cast  iron,  gave  dangerous  frag- 
ments in  bursting  on  its  passage  through  a  plate  of  sheet-steel  of  .24 
inch,  with  a  velocity  at  impact  reduced  to  482  feet  (corresponding  to  a 
distance  of  2,187  yards)  under  an  angle  of  22^,  or  with  a  velocity  at  im- 
pact of  023  feet  (corresponding  to  a  distance  of  1,640  vanls)  under  an 
angle  of  30o. 

It  gave  more  than  six  dangerous  fragments  per  shot  in  passing  with 
a  velocity  at  impact  of  1,302  feet  in  normal  tire  against  a  steel  plate 
about  .6  inch  thick.  It  gave  again  some  dangerous  fragments  after  hav- 
ing traversed  11.8  inches  of  wood  under  an  angle  of  oo,  with  a  velocity 
of  about  722  feet;  after  having  traversed  11.8  inches  of  wood,  under  an 
angle  of  30^,  with  a  velocity  at  impact  of  1,302  feet ;  and  after  having 
traversed  a  wall  of  3.9  inches,  under  an  angle  of  30°,  with  a  velocity 
at  impact  of  about  722  feet. 

FIRING  AT  VESSELS  IN  MOTION. 

This  firing  was  easily  done  by  two  men,  although  the  gunner  was  not 
accustomed  to  fire  upon  the  sea  at  a  movable  target,  nor  to  the  sight 
that  was  used.  This  firing  showed  remarkable  accuracy,  since  fifty  goocl 
shots  were  observed  out  of  108  fires.  The  balloon  which  served  as  a 
target  (31^  inches  diameter)  was  reduced  to  pieces;  and  the  stem,  the 
upper  i)art  of  which  was  attached  to  the  balloon  and  had  2.36  inches  of 
cross-section,  was  cut  away  and  riddled  with  shot ;  and  the  remaining 
stump,  of  which  the  lower  part  was  about  .45  inch  cross-section,  bore  the 
trace  of  many  shells,  attesting  the  efficacy  of  the  fire  against  a  target  of 
very  small  dimensions. 

RESISTANCE   OF  THE  CARTRIDGE-CASES  EMPLOYED  IN  FIRING. 

It  is  found  that  the  same  case  can  be  used  (by  repriming)  four  or  five 
times. 

*  GENERAL  SUMMARY  AND  CONCLUSIONS. 

Tiie  Hotchkiss  revolving  cannon  (marine  model)  fulfils  the  many  con- 
ditions for  the  employment  to  which  it  is  destined — ^that  is  to  say,  the 
defense  of  vessels  against  small  crafts  and  torpedo-boats. 
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The  commission  thought,  in  addition,  that  it  was  fitting  to  examine  if 
this  arm  would  serve  to  a  good  use  in  the  protection  of  the  embarkation 
of  troops. 

•  Tlie  extent  of  its  ranges  and  its  longitudinal  accuracy  are  remarkable, 
and  its  lateral  accuracy  is  satisfactory. 

The  results  of  firing  practice  aboard  ship,  executed  with  shells  of  14.85 
ounces,  showed  that  the  ballistic  qualities  of  the  revolving  cannon  would 
be  utilized  in  the  most  difficult  conditions  of  a  movable  target. 

For  a  distance  estimated  at  the  beginning  of  a  volley,  and  variable, 
a  mean  velocity  of  fire  of  about  one  shot  in  five  seconds  in  regular  work- 
ing and  practice  is  reasonably  sufficient  to  secure  the  eifects  of  each  fire. 

The  shell  of  14.85  ounces,  of  ordinary  cast  iron,  charged  and  fitted 
with  a  percussion-fuse,  normally  pierced  plates  of  steel  of  .24  inch  and  up 
to  2,187  yards  distance;  and  under  an  angle  of  30^  up  to  about  1,640 
yards.  This  same  shell  normally  pierced  11.8  inches  of  oak  wood  at  547 
yards,  and  3.9  inches  of  oak  wood  under  the  angle  of  30^  at  the  same 
distance.  Its  explosion  gave,  even  after  the  i>erforation  of  those  obsta- 
cles, some  dangerous  fragments. 

The  shell  of  about  1  pound,  of  the  same  metal,  will  have  a  greater 
eftect,  especially  at  great  distances. 

Two  men  are  sufficient  for  ser\ing  the  cannon. 


[Tnuislatioii.] 

Report  of  the  minister  of  war  to  the  general  legislatire  assemhly  of  Brazil  on  the  Hotchkis$ 

revolving  cannon,  made  at  Rio  de  Janeiro,  ld75. 

[Extract] 

The  artillery  committee  higlily  recommend  the  Hotchkiss  revolving  cauuon,  and 
state  that  the  smallness  of  its  caliber  in  compensat/ed  for  by  the  rapidity  of  tire,  a» 
about  80  rounds  per  minute  can  be  dincharged  from  it,  while  one  round  can  only  with 
difficulty  be  discharged  from  other  systems  (Whitworth,  Krupp,  &c.). 

Each 'shell  of  the  revolving  cannon  gives  10  to  11  usefnl  fragments;  the  giip  pro- 
duces, therefore,  about  800  fragments  per  minute.  The  Whitworth  and  Krupp  guns 
give  only  7  to  9  useful  fragments  during  the  same  time,  having  the  same  range  and 
precision  as  the  revolving  cannon. 

The  maximum  range  of  the  gun  is  4,500  meters  (about  4,921  yards)  with  French 
powder,  or  about  5,0(S)  meters  (about  5,4(58  yards)  with  our  own  powder,  which  at 
present  api)ear8  to  be  of  the  beat  quality. 

The  sample  gun  purchased  by  the  imperial  government,  at  the  request  of  the  artil- 
lery committee  (though  not  ouite  complete^  as  it  was  not  provided  with  the  shield  to 
protect  the  gunners  against  sharpshooters),  proved  at  the  experiments  on  the  tiring- 
grounds  to  be  an  excelleut  weapon,  as  it  possesses  the  following  qualities : 

Great  range. 

Perfect  accuracy  of  fire. 

Absence  of  recoil,  dne  to  the  special  brakes. 

Quick  loading,  simple  and  almost  automatic. 

Great  rapidity  of  fire. 

Metallic  cartridge,  which  can  be  reloaded  on  the  average  8  times,  and  allowing  the 
primers  to  be  changed  with  great  facility. 

Simple  and  strong  mechanism,  composed  of  only  7  parts,  which  load,  fire,  extract, 
and  drop  the  empty  cartridge-shell  to  the  g^und. 

Complete  obturation  and  forced  projectile. 

Operation  by  only  four  men,  who  can  easily  be  protected  by  entrenchment  of  the 
gun. 

The  artillery  committee  express  the  opinion  that  the  practical  results  will  perhaps  ^ 
recommend  the  adoption  of  tnis  system  as  the  only  artillery  for  our  army. 

Signed — the  secretary  of  state  and  minister  of  war. 
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Trials  in  November  and  December^  1878,  at  ranges  of  100,  200,  300,  and 

440  yards. 

GENERAL  REMARKS. 

The  trials  of  the  Hotchkiss  revolving  cannon,  made  in  1876-'77,  dem- 
onstrated its  merits  as  an  auxiliary  arm  of  our  x)resent  field  systems. 
As,  however,  a  complete  record  of  it«  powers  and  efficiency  as  a  field- 
gun,  especially  in  it«  capacity  to  deliver,  at  short  ranges,  a  far  more 
deadly  and  destructive  fire  than  can  be  attamed  fi-om  any  of  the  present 
field-artillery  projectiles,  including  canister,  had  not  yet  been  made  by 
actual  practice,  it  was  decided  to  make  experiments  and  tests  to  settle 
the  question  of  its  powers  in  this  regard.  Accordingly  trials  were  made 
having  this  end  in  view,  and  the  results  and  conclusions  are  submitted 
in  this  report ;  also  the  targets  as  plotted  for  the  different  ranges. 

The/i*«e»  used  in  these  experiments  were  of  the  latest  "model,  having 
two  brass  wires  cast  into  the  lead  of  the  plunger,  which,  going  through 
slots  in  the  bottom  of  the  case,  are  held  securely  in  position  by  the  lead 
safety-plug.  The  nipi)le  and  percussion-cap,  at  the  forward  end  of  the 
plunger  of  the  old  model  fuses,  have  been  replaced  by  a  brass  box  filletl 
with  fulminate,  the  box  being  formed  by  turning  the  edges  of  a  small 
disk  of  sheet-metal.  .  The  under  part  of  the  box  is  pierced  by  two  vent- 
holes  which  come  directly  over  the  powder-chamber  containing  the 
igniting  charge.  The  open  or  forward  end  of  the  box,  filled  with  its  per- 
cussion composition,  is  covered  by  a  disk  of  tinfoil.  The  box  is  secured 
in  its  recess  at  forward  end  of  the  plunger  by  compressing  the  lead  of 
plunger  around  it.  To  prevent  premature  explosion  from  handling  or 
in  transportation,  in  case  of  the  loosening  and  forward  movement  of  the 
plunger,  a  small  lozenge-shaped  piece  of  thin  sheet-brass  is  secured'  over 
the  fulminate-box  by  bending  and  driving  the  points  at  its  longer  axis 
into  the  plunger  on  either  side  of  the  box.  A  similar  pi^ce  of  brass 
covers  the  lower  opening  of  powder-chamber  in  plunger.  With  the 
above  exceptions  the  fuse  in  its  construction  and  action  is  the  same  as 
the  ones  described  on  page  612,  Report  of  the  Chief  of  Ordnance  for  1877, 
and  in  the  report  of  fuses  recently  submitted  by  "  The  Ordnance  Board." 
(See  accompanying  Plate  Xill.) 

Targets. 

The  targets  were  made  of  1-inch  spruce  boards,  and  were  three  in 
number  for  each  range.  The  size,  common  to  all,  was  11  by  52  feet,  and 
at  each  range  the  three  were  placed  at  a  distance  of  50  feet  apart. 

Results  of  firing  at  Sandy  Hook^  Kexo  York  Harbor, 

In  all  these  tests  at  the  different  ranges  the  gun  was  aimed  so  that  the 
shell  would  strike  about  25  yards  in  front  of  target;  4  ounces  of  new 
mortar-powder  was  used  as  the  propelling  charge;  the  shell  weighed, 
loaded,  about  IJ  jiounds,  and  the  bur,sting-charge  of  shell  was  g  of  an 
ounce  of  musket-powder. 

On  the  1st  of  November  100  rounds  were  fired  at  the  200  yard  range, 
with  the  following  results:  Hits  in  first  target,  1,444 ;  second,  551;  third, 
177 — total,  2,172.    (See  target  appended,  and  marked  Plate  XIV.) 

Novemtier  15,100  rounds  were  fired  at  both  the  300  and  440  yard 
range.  At  the  300-yaiHi  range  the  hits  were  as  follows :  First  target, 
697 ;  second,  347 ;  third,  100— total,  1,144.    At  the  440-yard  range  there 
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were,  on  the  first  target,  827  hits ;  on  the  second,  603  j  and  on  the  third, 
262 — making  a  total  of  1,692  hits.  (See  targets  appended,  and  marked 
Plates  XV  and  XVL)  * 

On  the  oth  of  December  the  final  firing  was  done  at  the  100-yard 
range,  100  rounds  being  fired,  with  results  a«  follows :  Hits  on  first  tar- 
get, 1,515;  second  target,  856;  third  target,  440 — total,  2,771.  (See 
target  appended,  and  marked  Plate  XVII.) 

Accuracy  and  effects. 

An  examination  of  the  results  of  firing  at  Sandy  Hook,  and  accompa- 
njing  targets,  show,  at  all  the  ranges  fired,  accuracy  and  great  destruc- 
tive effects.  The  fragments  were  well  distributed,  and  h^  great  pene- 
trative power,  as  shown  by  the  number  of  hits  in  the  third  or  last  tar- 
get, at  each  range. 

Eighty  rounds  per  minute  can  be  fired  from  this  gun ;  but,  assuming 
that  in  deliberate  firing  sixty  rounds  are  thrown,  each  shot  weighing  ij 
pounds^'  and  bursting  on  an  average  mt6  20  pieces,  a  continuous  and 
deadly  fire  of  75  pounds  of  metal  or  1,200  hits  per  minute  is  obtained. 

CONCLUSIONS. 

The  results  of  thdse  trials  give  full  evidences  of  the  eflSciency  of  this 
arm  at  the  shortest  ranges  at  which  it  is  necessary  to  use  fiqjd  artillery, 
and  it  is  the  judgment  of  the  Board  (with  the  results  of  present  expe- 
riences before  it)  that  the  best  effects  which  can  be  possibly  sectired 
from  canister  or  even  shrapnel  fire  will  be  decidedly  more  than  equaled 
bj'  the  results  attainable  by  the  revolving  cannon. 

The  cantinuousness  of  the  fire  attained,  also  the  demoralizing  effects 
likely  to  arise  from  the  rapidity  of  the  explosions,  add  decidedly  to  its 
advantages  over  ordinary  field  and  siege  pieces  (using  canister  or  bullet- 
shells),  in  the  service  of  which  marked  interval!^  of  time  in  firing  neces- 
sarily exist. 

The  previous  trials  (reported  in  1877)  demonstrated  the  efficiency  of 
this  arm  at  the  longer  ranges  of  field  artillery,  and  the*present  ones  were 
only  needed  to  confirm  its  powers  at  the  shorter  ranges  usually  hereto- 
fore provided  for  by  canister  fire. 

The  introduction  on  trial  of  this  arm  therefore,  as  heretofore  recom- 
mended, either  in  separate  batteries  or  as  elements  of  our  present  field- 
artillery  batteries,  it  is  belieVed,  will  prove  that  greatly  increased  effect- 
iveness to  this  arm  of  the  service  will  ensue,  and  also  probably  show  that 
canister  fire  can  be  dispensed  with  materially,  if  not  wholly,  as  field  or 
siege  ammunition. 

11  OBD 
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APPEIS^DIX  I^ 

FLANK-DEFENSE  CARRIAGE  FOR  HOTCHKISS  REVOLVING  CANNON, 

CALIBER  1.5  INCH. 

(Seven  plates.) 

DESCRIPTION  OF  CARRIAGE. 

(Plates  I.  II,  and  III.) 

(Fiiniislied  by  the  Coustrnctor  of  Oixlnaiico.) 

In  order  to  fit  the  Hotchkiss  revolving  cannon  for  introduction  in 
our  sea-coast  forts  as  a  flank-defense  gnn,  as  contemplated  by  the  de- 
partment, it  became  necessary  to  devise  a  carriage  properly  dimensioned 
for  our  casemates,  of  the  required  strength,  and  having  the  nuineuver- 
ing  appointments  to  meet  tile  requirements  of  this  special  sei'vice,  A 
wrought-ux)n  carriage  attached  to  and  working  on  a  wrought-iron 
chassis  or  platform  constitutes  the  general  features  of  the  system. 

The  use  of  plain  frames  for  the  carriage  and  chassis,  covered  by  thin 
plates  riveted  to  the  frames,  was  deemed  the  best  for  strength,  lightness, 
and  economy;  the  different  parts  being  assembled  by  ordinary  tran- 
soms, sufficient  in  number  and  so  located  in  the  sj^stem  as  to  seciu'c  the 
necessary  stiffness  and  solidity.  Accordingly,  the  carriage  an/i  its  i)lat- 
form  have  been  constructed  as  foUows: 

The  carnage  is  composed  of  two  cheeks,  eiich  constructed  by  riveting 
two  plates  4  inch  thick  to  a  skeleton  frame  1  by  IJ  inch  thick,  and  the 
cheeks  in  turn  are  assembled  by  two  transoms,  one  located  at  the  front, 
and  the  other  at  the  rear,  and  the  latter  so  constructed  as  to  afford  an 
oscillating  bed  for  the  reception  of  the  elevating  screw  and  its  beveled 
gear.    (See  Plate  II.) 

Xhe  chassis  consists  of  two  rails  constructed  on  the  same  general 
principles  as  the  carriage-cheeks,  the  frame  being  bar-iron  1  by  I'i  inches 
thick,  and  the  side  plates  having  a  thickness  of  J  inch;  three  transoms 
of  J  and  5  inch  iron  (located  as  shown  in  Plate  III)  assemble  the  parts. 

The  forks,  wheels,  &c.,  and  system  of  training,  and  the  details  of 
chassis  proper,  are  shown  in  Plate  111,  and  the  gun-carriage  and  chassis 
(with  its  tongTie  conneoted  with  pintle)  are  shown  in  position  in  our 
presept  flank-defense  casemates,  in  Plate  I. 

The  bottom  or  lower  barrel  being  the  one  destined  to  deliver  the  flre 
in  this  system  when  in  action,  the  dimensions  of  the  carriage  and  plat- 
form have  been  so  determined  as  to  place  the  axis. of  this  barrel  (when 
horizontal)  in  the  center  of  the  throat  of  the  embrasure,  this  being  the 
proper  initial  point  for  elevation  and  depression  and  service. 

The  carriage  is  firmly  secured  (when  in  battery  and  ready  for  service) 
to  its  chassis  by  means  of  a  screw,  a  (see  Plate  I),  operated  by  a  lever,  6, 
clamping  a  square  plate,  P,  to  a  slotted  plate,  c  c  c,  placed  underneath 
and  extending  the  entire  length  of  the  chassis,  and  secured'to  the  latter 
by  its  front  and  rear  transoms,  t  and  <',  respectively.  To  give  the  play 
necessary'  to  avoid  rigidity  and  the  consequent  effects  of  shocks  in  firing, 
a  rubber  spring,  r  r,  is  located  at  the  front  of  the  chassis,  and  secured  as 
shown  in  Pldte  I.  The  ordinary  pintle-tongue,  j),  connects  the  system 
with  the  pintle  located  in  the  front  wall  of  the  casemate. 

Elevating  and  depressing  are  accomplished  by  means  of  an  elevating 
screw,  8y  working  in  a  screw-nut,  w,  having  a  bevel-gear  on  its  exterior 
which  is  turned  by  a  miter- wheel  on  the  end  of  a  shaft,  x  a?,  wliich  passes 
through  the  left  cheek  of  the  carriage  and  is  f  evolved  by  the  hand-wheel, 
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w  tr.  The  elevating-screw  is  permanently  attached  to  the  gun  by  the 
lug  g  and  pin  ;  the  transom,  having  an  oscillating  motion  to  accommo- 
date the  screw,  being  pivoted  to  the  two  cheeks  of  the  carriage.  (See 
drawing.) 

When  it  is  necessary  to  withdraw  the  gun  from  its  embrasure  (shown 
in  section  in  plate  I),  the  plate  P  is  relieved  by  operating  the  screw  n, 
and  the  carriage,  free  to  slide  on  it«  chassis,  is  drawn  back  by  an  ordi- 
nary windlass  in  connection  with  a  rope  and  crank. 

The  chassis  is  esi)ecially  designed  in  length  with  a  view  to  meet  this 
operation  which  may  result  from  temx)orary  disablements  in  action  or 
which  may  be  necessary  for  the  puri)oses'of  cleaning  and  immediate  re- 
pairs. When  so  drawn  back,  and  sufficiently  far  to  clear  the  walls  of  the 
embrasure,  the  carriage  With  its  gun  can  be  swun^  at  right  angles  to  the 
chassis  and  the  gun  thus  placed  in  position  for  any  desired  examination, 
cleaning,  or  relief  from  impediments  or  disabilities. 

The  ammunition  used  in  all  the  tests  was  that  described  in  the  Report 
of  the  Chief  of  Ordnance  for  1877,  page  612 ;  the  shell  being  fitted  with 
the  Hotchkiss percussion-fuse  described  in  report  of  the  Board  of  Decem- 
ber 17,  1878  (Ordnance  Notes,  Ko.  94). 

RESULTS   OF  FIRING  AT  SANDY  HOOK. 

The  object  of  the  firing  was  to  test  the  stability  and  general  workings 
of  the  carriage  and  the  accuracy  of  fire  from  it.  To  make  the  trials  more 
complete,targets  were  made  with  the  revolving  cannon,  cal.  1".5,  mounted, 
one  on  this  carriage  and  one  on  the  Hotchkiss  field-carriage. 

On  the  9tli  of  April,  after  3  sighting  shot-s  to  get  the  proper  elevation, 
20  rounds  were  fired  from  each  gun  at  a  target  11  by  52  feet,  made  of 
1-incli  spruce  boards,  and  at  a  distance  of  500  yards.  The  number  of 
hit«  in  both  cases  was  20,  and  all  direct.  The  mean  deviation  from  the 
center  of  impact  was,  for  the  flank-defense  carriage,  2M39;  for  the  field- 
carriage,  1'.734.    (See  record  appended  and  Plates  IV  and  Y.) 

On  the  16th  of  same  month  firings,  under  similar  conditions  to  those 
of  the  9th,  were  made  at  1,000  yards,  20  rounds  in  each  case  fired ;  with 
the  flank  defense  carriage  there  were  two  failures  to  hit  target,  the  mean 
deviation  from  center  of  impact  of  the  18  hits  being  3M194 ;  with  the 
field-carriage  all  of  the  shot8  hit,  the  mean  deviation  being  3'.70416.  (See 
Plates  VI  and  VII.) 

In  order  to  test  tlie  workings  of  the  carriage  for  flank-defense  pur- 
l)oses,  a  wooden  casemate  was  constructed,  all  of  the  dimensions  of 
whicl^  as  to  height  and  width  of  embrasure,  &c.,  were  obtained  from  the 
drawings  furnished  by  the  Engineer  Department.  In  all  the  firings 
under  the  different  angles,  both  of  elevation  and  depression,  and  also  in 
its  traverse,  the  carriage  worked  very  satisfactorily. 

CONCLUSIONS. 

All  of  the  difterent  functions  required  to  be  performed  by  the  carriage 
were  satisfactorily  shown  in  the  tests,  and  the  sj'stem  proved  itself  easy 
of  traverse,  elevation,  and  depression  for  the  different  circumstances  of 
fire  for  flank-defense  service.  Also  the  feature  securing  a  withdrawal 
of  the  gun  from  the  embrasure — a  necessity  which  it  is  apparent  will 
arise  under  the  varying  circumstances  of  ser\'ice — has  shown  in  the  ex- 
periments to  serve  its  purpose  with  promptness  and  efticiency. 

The  carriage  is  strong  in  all  it^<?  parts  ;  well  adapted  as  a  s.ystem,  both 
in  construction  and  essential  features,  for  all  the  contingencies  required 
of  it  in  service,  sightly  in  its  lines,  and  is  recommended  as  a  standartl  to 
be  followed  in  the  manufacture  of  flank-defense  carriages  for  the  Hotch- 
kiss revolving  cannon,  heretofore  tested  and  ai)proved  by  the  Board. 
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APPENDIX  I«. 

RELATIVE    DESTRUCTIVE    EFFECTS    OF    DIFFERENT    HOTCHKISS    PRO- 
JECTILES. 

(Three  plates.) 

DESCRIPTION  OF  SHELLS. 

(See  Plate  I.) 

Triple-wall  shelly  Fig.  1. 

This  shell 'has  three  walls,  parallel,  or  nearly  so,  with  each  other,  and 
anited  to  a  solid  base.  In  producing  it,  the  inner  wall  a  is  first  cast  by 
the  ordinary  process.  This  wall  is  then  suspended  upon  a  core  piece, 
whose  dimensions  are  such  as  will  leave  a  space  between  its  exterior 
and  the  interior  surface  of  the  wall  a  equal  to  the  thickness  desired  for 
the  inner  wall  b.  This  core  and  the  wall  a  are  then  suspended  in  a  mold 
of  the  common  construction,  which  mold  has  an  inner  contour  of  the 
shape  of  the  exterior  of  the  complete  shell.  The  metal  poured  into  this 
mold  envelops  the  inner  wall  a  and  forms  tlie  slioll  as  shown  in  Fig.  1. 
The  object  of  this  peculiar  form  of  construction  is  to  produce  a  shell 
which  will  be  broken  into  a  larger  number  of  pieces  than  shells  of  the 
ordinary  construction.  Near  the  forward  and  rear  ends  of  the  cylindri- 
cal portion  of  the  shell  cannelures  are  turned  to  receive  the  packing  or 
soft  brass  bands,  which  are  pressed  and  crimped  into  place.  The  base 
of  the  shell  is  slightly  chamfered. 

HotchTciss  field-shell  [ordinary  pattern)^  Fig.  2. 

These  shells  are  about  an  inch  longer  than  those  described  above,  and 
have  greater  powder  capacity.  They  are  cast  in  the  usual  way  for  cast- 
ing shells,  and  have  the  same  general  shape  as  the  triple- wall  shells. 
The  packing  as  originally  made  consisted  of  a  soft  brass  tubing  about 
4  inches  in  length,  running  nearly  two-thirds  the  length  of  the  cylindri- 
cal portion  of  the  shell;  it  was  pressed  and  crimped  into  a  recess  tiu*ned 
on  the  shell  to  receive  it.  Cannelures  were  turned  on  the  exterior  of 
the  tubing  to  diminish  the  bearing  portion  of  the  packing  to  be  cut 
through  by  the  rifling  of  the  gun.  B^ore  these  shell  were  fired,  and  to 
insure  suitable  rotation,  Mr.  Hotchkiss  added  a  smooth  brass  tubing 
about  li  inches  long,  which  was  pressed  and  crimped  into  the  recess 
turned  for  it.  In  turning  this  recess  two  annular  rings  were  left,  as  is 
shown  in  drawing. 

Results  of  firing  at  Sandy  Hook. 

(Plates  II  and  III.) 

On  the  12th  of  March  29  rounds,  in  all,  of  the  triple- wall  shells  were 
fired  from  the  Hotchkiss  8«™  field-gun  at  a  target  11  by  52  feet,  made  of 
1-inch  spruce  boards.    The  first  1)  rounds  were  necessary  to  get  the 
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proper  elevation  to  allow  the  projectile  to  strike  about  25  paces  in  front 
of  the  target,  previous  experiments,  with  shell  of  all  kinds,  having 
shown  that  projectiles  exploding  at  this  distance  produce  the  most  de- 
structive effect  upon  the  target ;  of  these  9  fired,  one  burst  at  muzzle  of 
gun.  The  remaining  20  rounds  produced  the  following  results:  Total 
hits  348,  of  which  3(K)  went  through  the  target ;  1  shell  burst  at  muzzle 
of  gun.    Average  hits,  per  shot,  17.4. 

Firings  with  the  ordinary  shell  manufactured  by  Mr.  Hotchkiss  for 
the  8^"  gun  were  made  on  the  19th  following,  under  the  same  conditions 
of  target,  elevation,  powder,  &c. ;  no  preliminary  shots  were  necessary, 
the  proper  elevation  having  been  ascertained  by  the  experiments  of  the 
12th.  Twenty  shots  fired  gave  results  as  follows :  209  total  hits,  with 
185  pieces  through  target;  2  of  the  shells  burst  at  muzzle  of  the  gun. 
Average  hit«,  per  shot,  10.45. 

CONCLUSIONS. 

An  examination  of  the  results  of  firing  and  accoinpanying  targets 
show  an  avjBrage  of  17.4  hits  per  shot  for  the  triple-wall  against  10.4  for 
the  common  shells.  The  liability  to  premature  explosion  or  breaking 
up  in  the  gun  seems  to  be  about  as  great  for  one  as  for  the  other. 

These  trials  having  demonstrated  the  superior  destructive  effects  of 
the  triple-wall  over  the  common  shells,  the  Board  recommends  that  fur- 
ther experiments  be  made  to  more  fully  test  their  merits,  when  ftinds 
are  available  for  the  purpose. 
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Appendix  I.— lUpoit  of  Cbitf  of  OrdoMcc,  1879. 
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AppMdix    I— lUport  of  Chirf  of  Ordn»nc«.  1879. 


APPENDIX  1'. 

BEPORT<ON   HOTCHKI«S   REVOLVING   CANNON   (LIGHT  FIELD  MODEL, 

CAL.  1.5  INCH. 

(Eight  plates.) 

DESCKIPTION  OF  GUN  AND  CARRIAGE. 

(See  Plates  I,  II,  ni,  and  IV.) 

The  gun  and  carriage  difter  from  tho^e  described  in  the  report  of  the 
Board  of  June  18, 1877  (Report  of  the  Chief  of  Ordnance  for  1877,  page 
609),  in  minor  details  only ;  the  principles  of  construction  are  the  same; 
the  gun  and  carriage  are  ligliter,  and  the  barrels  of  the  gun  short  er. 
The  ammunition  also  is  lighter  ana  shorter  than  that  used  in  the  heavier 
model,  but  is  alike  in  all  other  particulars. 

The  principal  weights  and  dimensions  are  given  below : 

Oun. 

Total  lougth  of  bore • iuchcs..    2^ 

Weight  of  gun pounds  (225  kilos.)..  496 

Shell— (See  Plate  V.) 

Len|jrth  of  body inches..     3.261 

Entire  length  with  fuse inches..     3.678 

Weight  of  shell  emptj" ounces..  13. 1? 

Weight  of  fuse ounces. .     1. 92 

ViTeight  of  bursting  charge i ounce..     0.72 

Total  weight  of  projectile  complete  for  tiring ounces. .  15. 83 

Cartridge  case, — (See  Plate  Y.) 

Length  of" case inches..  3.711 

Weight  of  case ounces..  3.   08 

Charge  of  powder. 

Charge ounces..     2.63 

Weignt  of  complete  cartridge ounces . .  21. 57 

Length  of  complete  cartridge inches. .     6. 57 

Carriage. 

Weight  of 1 pounds..  643 

RESULTS  OP  PmiNG. 

;^On  the  8th  and  9th  of  May,  1879,  there  were  fired  from  this  gun,  at 
Sandy  Hook,  in  all,  170  rounds,  of  which  4  were  for  velocity,  76  fired 
testing  workings  of  gun,  15  sighting  shots  at  the  different  ranges,  and 
75  (25  each)  at  targets  200,  500,  1,000  yards  distant.  The  targets,  11  by 
52  feet,  were  made  of  1-inch  spruce  boards,  of  which  there  were  three 
at  each  range,  they  being  50  feet  apart ;  2.63  ounces  of  new  mortar  pow- 
der was  used  as  the  propelling  charge,  with  which  an  average  velocity 
of  1,161  feet  per  second  wa«  obtained. 
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The  following  results  were  obtained  at  the  different  ranges  fired : 

200  yard*.— (See  Plate  VI.) 

Shots  fired,  25.    Total  hits,  3  targets,  411. 

Total  hits:  Ist  target 361;  of  which    495 '^ere  through,  and    166  not  through . 

Total  hits:  2<l  target 40;  of  which     20  were  through,  and     20  not  tlu'ough. 

Total  hits:   IM  target 10;  of  which       5  were  through,  and       5  not  through. 

411  220  191 

500  yards.— {See  Plate  VII.) 

Shots  fired,  25.    Total  hits,  3  targets,  276. 

Total  hits:  1st  target. . .  91.  Through..  46.  Not  through ..  41.  Direct  hits. .  4 
Total  hits:  2d  target...  126.  Through..  42.  Not  through..  82.  Direct  hits..  2 
Total  hits:   3d  target- .     59.    Through..     13.     Not  through..     44.     Direct  hits..    2 


J? 


276  101  167 

1,000  yards.— (Bee  Plate  VIII,) 

Shots  fired,  25.    Total  hits,  3  targets,  234. 

Total  hit* :  1st  target...  189.  Through..  112.  Not  through..  71.  Direct  hits..  G 
Total  hits:  2d  target...  31.  Through..  8.  Not  through..  23.  Directhits..  0 
Total  hits:   3d  target...     14.    Through..       4.    Not  through..     10.     Directhits..    0 

2M  124  104  i\ 

CONCLUSIONS. 

• 

These  results,  rivaling  in  effectiveness  the  accui'acy,  rapidity,  and  coji- 
tinuousness  of  fire  and  wide-sj)read  dispersion  of  the  shell  fragments,  at- 
tained with  the  heavier  models,  heretofore  tried,  of  the  revolving  cannon 
(at  the  same  range),  afford  evidence  of  the  entire  practicability  of  the  in- 
troduction into  service  of  lighter-built  guns.  This  feature  will  secure 
that  increased  mobility  in  action  and  easements  in  transportation  so 
essential  for  the  lighter  uses  to  which  it  mav  be  desirable,  in  a  varying 
service,  to  employ  this  arm,  now  probably  to  take  its  plaee  as  an  impor- 
tant adjunct  in  the  service  of  modern  armies. 

As  an  artillery  arm  for  our  national  militia  organizations,  for  duties 
which  they  are  sometimes  called  upon  to  perform  in  times  of  national 
peace,  the  defense  of  i)roperty  from  mob  violence,  it  has  (it  is  believed), 
at  present,  no  superior. 

APPENDIX. 

Extract  from  the  report  of  the  Artillery  ('ommi«8ion  of  the  Bii88ian^  Imperial  Marine,  relative 
to  experiments  nuide  with  Ilotchkiss  revolving  cannon.     (Xov!  19,  1878.     No,  10.) 

[Translated  from  tho  French  by  Capt.  F.  H.  Phipps,  Ordnance  Department.) 

The  commissiou,  after  having  described  in  detail  the  construction,  the  mechanism, 
and  the  workings  of  the  piece,  concludes  its  rc]>ort  with  the  following  resumi^  of  the 
results  of  their  experiment* : 

IST.  Facility  of  manoeuver. 


f 


The  manoeuver  of  this  cannon  is  Jis  easy  as  convenient.  Tlie  employment  of  the 
butt  piece,  and  the  particular  construction  of  the  sight,  permit  the  piece  to  be 
directed  as  a  small-arm  and  sighted  as  easily  as  thougii  nring  off-hand,  conditions 
very  important  for  rapidity  of  tire.    The  same  gunner  points  the  piece,  changes  freely 
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itt)  direct iou,  and- (leli vers  the  nliot;  a  single  assistaut  in  necessary  for  feeding.  The 
couiuiissiou  thinks,  however,  that  a  certain  habit  of  duty  with  the  piece  is  indis> 
]>euHahle  to  tlie  man  who  point-s;  rapidity  of  fire  requires  that  this  gunner  operates 
Hiinultaueonsly  the  change  of  diraction  with  the  left  htmd,  and  the  manoeuver  of  the 
firiug-oraiik  with  the  right  hand,  and  tlmt  without  the  eye  leaving  the  line  of  fire. 

Relative  to  the  sight,  the  oommisHion  thinks' that  the  sighta  with  fixed  graduations 
are  preferable  for  rapidity  of  fire,  since  they  obviate  the  necessity  of  a  new^  adjust- 
meut  at  each  shot.  It  recognizes  at  the  same  time  that  this  advantage  involves  a 
cause  of  error  possible  in  the  pointing ;  fixed  graduations  might  be  coniouuded  with 
oach  other  in  rapid  changes  of  the  line  of  fire. 

2d.  Solidity  of  thk  mechanism. 

• 

The  mechanism  of  the  Hotchkiss  nn^olving  cannon  admits  of  only  a  huhiU  number  of 
parts  of  considerable  dimensions  and,  rationally  combined,  presenting  every  guarantee 
of  solidity. 

Tlie  conmiission  fired  210  rounds  without  the  mechanism  becoming  clogged.  A 
single  stoppage,  \<iiich  occurred,  arose  from  a  mistake  of  the  pyrotechnist. 

A  cartridge  without  powder  having  been  introduced  into  the  chamlxT  of  the  gun, 
the  priming  only  wa«  fired,  and  the  shell  remained  in  the  bore,  whilst  the  cartridge- 
case  was  removed  by  the  extractor.  The  shell  iirevented  the  introduction  into  this 
barrel  of  a  new  projectile  and  momentarily  delayed  the  firing.  This  obsta<'le  removed, 
tlie  mechanism  functioned  irreproachably. 

3d.  Rapidity  of  fire. 

Each  revolution  of  the  crank  corresponds  to  a  shot,  the  velocity  of  the  mechanism 
attaining  60  to  HO  shots  a  minute.  But  the  rapidity  of  fire  depemls  u}K>n  the  prompt- 
ness with  which  the  arm  is  fed  with  cartridges,  proving  in  reality  less  great. 

The  experiments  of  the  commission  furnished  on  this  point  the  following  results  : 

A.  Firing  without  pointing  *^  shots  a  minute. 

B.  Firing  at  a  field  target  placed  at  a  distance  of  200  sa^6nes  of  6  feet  (400  yards) 
from  the  luece,  pointing  at  each  shot,  20  shots  a  minute,  giving  12  hit«  in  the  target ; 
proportion  of  direct  hits  to  shots  fired,  60  per  cent. 

C.  In  order  to  determine  the  rapidity  and  useful  effect  of  fire  af^ainst  a  moving 
object,  ten  tArgets  were  employed,  each  one  representing  the  end  view  of  a  torpeclo 
boat.  These  targets,  disposed  in  oblique  echelon  in  order  that  they  might  not  mark 
each  other,  were  placed  at  distances  from  the  gnu  increasing  from  30  sagmies  of  6  feet  * 
(60  yards)  in  such  a  way  that  while  the  first  is  at  80  sag^ues  (160  yards)  from  the 
cannon  the  last  was  80  -f  (9  x  30),  or  350  sag^nes.  (700  yards)  removed.  . 

In  order  to  approach  as  near  as  possible  to  the  practical  conditions  of  fire  against  a 
torpedo-boat  during  its  attack^  a  shot  was  directed  successively  against  each  target, 
commencing  at  the  last  and  finishing  with  the  first. 

A  first  series  of  10  shots  fired  in  23  seconds  gave  4  hits,  1  of  which  was  in  the 
tenth  target,  1  in  the  second,  and  2  in  the  first.  The  t-orpedo-boat  advancing  with 
the  speed  of  41.7  knots  would  receive  directly  three  projectiles  in  getting  over  270 
Bag^nes  (540  yards). 

A  second  series  of  10  shots  was  fired  in  60  seconds  m  the  same  order  as  those  of  the 
tirst  series,  giving  3  hits,  1  each  in  the  ninth,  fifth,  and  second  targets,  correspond- 
ing to  3  hitii  upon  a  torjtedo-boat  approiiching  with  a  speed  of  16.04  knots. 

Finally,  a  third  series  of  5  shots  -was  fired  in  45  sticonds,  and  directed  against  5 
targets,  '60  sagenes  apart  (120  yards),  the  first  being  placed  at  80  sagdnes  (160  yards) 
from  the  gun ;  these  shot«  gave  2  hits  in  the  difterent  targets,  corres])onding  to  2  hits 
on  a  torpedo-boat  traveling  with  a  si)eed  of  21.4  knots. 

4tii.  Initial  velocity  of  tue  projectii^.  v 

The  initial  velocity  of  the  cast-iron  shell  weighing  15.35  ounces,  and  fired  with  a 
charge  of  2.9  ounces  of  cannon-powder,  was  1,311  feet.  That  of  the  steel  shell  of  17.2 
ounces,  fired  with  the  same  charge,  was  1,228  feet. 

5TII.  Recujlar  fike  against  metallic  plates. 

The  following  results  wero  ol)tained  in  firing  against  iron  plates  of  ^"  and  1"  thick- 
ness, bolted  to  vertical  oak  posts. 

•  Note. — The  sag<Sne  of  6  feet  used  in  the  Russian  marine  is  equal  to  1™  83  (about  2 
English  yards),  and  must  not  be  confounded  with  the  s^6ne  of  7  feet,  which  is  equal 
til  2™  134*  (2^  yards),  used  in  the  Russiaii  land  service. 
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A.  The  weighted  cast-iron  shell  penetrated  freely  the  ^-inch  iron  plate  at  a  distance 
of  three  cable-lengths  (720  yards).  Firing  at  the  same  distance  against  *  1-inch  iron 
plates,  the  same  projectile  broke  in  small  pieces  in  making  only  an  impression. 

B.  The  cast-iron  shell  loaded  went  through,  at  the  same  distance,  the  ^inch  iron 
plat«  and  exploded  behind  the  target.  .Under  the  same  circumstances  this  projectile 
only  produced  a  feeble  impression  in  the  1-inch  plate  and  exploded  in  front  of  the 
target. 

C.  The  weighted  steel  projectile  fired  against  the  1-inch  iron  plate  made  a  bulge  2 
inches  in  depth  and  detached  fragments  of  the  target ;  the  hole  was  through,  but  the 
shell  did  not  go  through. 

D.  The  steel  shell  loaded  pierced  the  1-inch  plate  and  made  an  indent  only  ^  inch 
in  dei)th.    The  ft*agmeut8  of  the  projectile  fell  in  front  of  the  target. 

6th.  Oblique  fire  against  the  prow  of  a  torpedo-boat  at  a  distance  of  two 

cable-lengths  (480  yards). 

First  shotj  weighted  caet-iron  shell. 

The  projectile  struck  the  left-hand  corner  on  a  level  with  the  second  bulkhead, 
starting  from  the  front,  passed  through  the  second  and  third  bulkheads,  and  struck  a 
4-inch  iron  plate  representing  the  boiler  of  the  torpedo-boat,  iipon  which  it  was  broken 
to  pieces,  slightly  damaging  the  plate. 

Second  shotj  weighted  cast-iron  shell. 

The  projectile  struck  the  right-hand  corner  in  front  of  the  first  bulkhead,  passed 
througn  the  corner  of  the  first  bulkhead,  and  broke  to  pieces  on  a  ricochet. 

The  fragments  produced  in  the  second  bulkhead  four  holes  and  one  indentation :  in 
the  third  three  holes  and  one  indentation ;  and  on  the  ^incli  iron  plate  three  inden- 
tations, one  of  wliich  was  f  of  an  inch  deep,  the  other  two  being  slight. 

Third  shot,  steel  shell. 

This  projectile  struck  the  right-hand  corner  close  to  the  second  bulkhead,  i)ene- 
tratiug  these  two  bulkheads,  ricochetted  in  deviating  to  the  left,  and  breaking  it-self 
in  turning  against  the  ^-inch  iron  plate,  upon  which  it  made  an  oval  indentation  ^ 
inch  deep.  During  this  tire  the  projectile  hit  the  corner  of  the  torpedo-boat  under  an 
angle  of  from  15^  to  2(P. 

7th.  Explosive  effects  of  the  projectiles. 

In  order  to  study  the  explosive  effects  of  the  projectiles  loaded  and  provided  with 
the  Desmarest  fuse,  the  nre  being  directed  against  two  wooden  targets  of  1-inch 
spmc«,  21  feet  long  and  3  feet  higu,  placed  the  first  at  600  ^ards  from  the  piece,  and 
the  second  12  feet  behind  the  first.  Of  the  8  shots  fired  4  bui*st  between  the  two  tar- 
get's, and  4  after  having  passed  through  them.  There  was  found  on  the  second  target 
/6  holes,  being  19  hits  per  shot. 

8th.  Test  of  the  accuracy  of  the  piece. 

Firing  for  accuracy  was  made  with  some  cast-iron  shells  at  targets  placed  at  200, 
600,  and  1,000  yards  distant.  The  tests  were  made  to  determine  the  mean  deviation 
of  these  projectiles. 


Distances. 


Mean  deviation. 


Sag^nes.  I  Meters.; 


Horizontal.     I       Vertical. 

Meters. 


100. 

300 

600 


183 
549 
915 


Feet. 


0.12 
0.80 
1.30 


Meters.,   Feet. 


0.0306  ,  0.40 
0. 244  I  - 1. 10 
0.3965  I      1.60 


I 


0.122 

0.3355 

0.488 


These  deviations  are  greater  by  T'.To  than  those  from  the  Engstrom  cannon,  but 
less  by  2^  inches  than  tho.se  of  the  light  cannon  of  Baranowsky. 

•  An  encablure  or  cable's  longth  is  equal  to  120  fathoms  or  720  feet. — Ordnance 
Manual,  1H61. 
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CONCLUSIONS. 

After  the  experiments  ma4e  with  the  Hotchkiss  revolving  cannon,  the  commission 
recapitulated  in  the  following  conclusions  its  opinion  of  this  arm : 

.  1st.  The  solidity  of  the  mechanism,  the  convenience  of  its  management,  and  the 
facility  with  which  the  piece  can  be  taken  apart  and  put  together  again  are  com- 
pletely satisfactory. 

2d.  Its  ease  of  manoeuver  and  rapidity  of  pointing  are  very  remarkable.  On  this 
point  the  Hotchkiss  revolving  cannon  has  an  incontestable  saperiority  over  all  arms 
of  its  kind. 

3d.  The  precision  of  fire  of  the  Hotchkiss  revolving  cannon  is  very  satisfactory. 

4th.  With  respect  to  rapidity  of  fire  the  Hotchkiss  revolving  cannon  has  an  advan- 
tage over  the  Engstrom  and  Baranowsky  cannon. 

5th.  The  pivot  of  the  Hotchkiss  revolving  cannon  presents  all  the  guarantees  of 
solidity 

6th.  The  effect  of  the  loaded  shells  on  the  wooden  lannehes  was  satisfactory.  The 
I>esmarest  fiises,  however,  were  wanting  in  sensibility. 

7th.  The  effects  of  the  proJectUes  on  the  ^inch  and  1-inch  iron  plates,  and  upon  the 
torpedo-boats,  were  sufficient. 

The  commission,  in  view  of  the  preceding  conclusions,  is  of  the  opinion  that  the 
Hotchkiss  revolving  cannon  should  find  place  in  the  armament  of  uie  ships  of  the 
Russian  imperial  navy  as  a  means  of  defense  against  torpedo  boats. 

12  OBD 
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APPENDIX   F. 

PROGRESS  REPORT  ON  THE  3-INCH  BREECH-LOADING  RIFLE.      . 

This  gun  was  altered  on  the  recommendation  of  the  Constructor  of 
Ordnance  in  his  letter  of  October  12,  1878,  and  is  fully  described  in  his 
report  of  October  2, 1879.  It  was  mounted  on  the  ordiimry  3-inch  field- 
carriage. 

A  summary  of  the  results  obtained  with  varying  charges  of  dififerent 
I>owders  is  appended,  from  which  it  will  be  seen  that  the  I.  A.  powder 
gave  the  best  results,  the  pressure  being  quite  low  for  the  velocities 
obtained. 

The  breech  mechanism  worked  with  facility  in  every  instance,  there 
being  in  one  or  two  cases  a  slight  escape  of  gas,  but  not  enough  to 
cause  any  sticking  of  breech-block.  This  system  offers  an  easy  and 
.  economical  method  of  converting  our  present  muzzle-loading  field  guns 
into  breech-loaders,  and  the  Board  recommends  that  a  battery  of  these 
be  made  for  issue,  by  sections,  to  batteries  in  the  service  for  competitive 
trials  with  the  muzzle-loaders,  and  that  the  artillery  officers  be  called 
upon  for  an  expression  of  opinion  with  regard  to  their  relative  merits. 

AVERAGES. 

EeaulU  with  3"  hreech-loading  rifle  to  determine  proper  kind  and  charge  of  powder  for  use 

with  y'  rifles. 


O 


.S 


Powder. 


.  s 

I  ^* 


4  •  E.Z 

8       '•    

3       '•    

3  I     "    

2  JS.  ^  ^  •  *  •  • 

2  •  LA 

4  "    

4       "    

3  I  E.Z 


^ 


Lhi. 

U 

I' 


3 
2 


9 
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Projectile,  Butler.      |.  ® 

flD  » 


a  5 


25888 

II 

ii 

11 

1.750 

81232 

2200 

ii 

<t 

II 

i< 

•1 

Bntler  cored 
shot. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  ....... 


.A 


IIS 


11,500 

14,028 
30,666 
50,000 
45,760 
21,250 
24,000 
36,333 


5a 
si 

> 


976 

1,074 
1,262 
1,422 
1,415 
1,387 
1,458 
1,542 


RemwrkB. 


Fired  over  water.   Smooth 
flight. 
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APPENDIX  P. 
PROGRESS  REPORT  ON  3.17-INCH  MUZZLE-LOADING  RIFLE,  CHAMBERED 

GUN. 

For  full  description  of  tlie  construction  of  this  gun,  see  report  of  the 
Constructor  of  Ordnance. 

CARRIAGE. 

The  extra  width  at  the  breech,  due  to  the  banding  of  this  gun,  pre- 
vented its  being  mounted  on  an  ordinary'  field-carriage  5  one  for  the  4J" 
siege-rifle  was  therefore  adapted  to  its  use. 

POWDER. 

With  the  exception  of  two  rounds  of  Du  Pout's  hexagonal  I.  0.  pow- 
der, the  density  and  granulation  of  which  were  respectively  1.7  and  72 : 
Du  Pout's  sphero-hexagonal  I.  B.  powder,  having  a  density  of  1.728  ana 
a  granulation  of  123,  was  employed.  The  charge  of  powder  used  in  aU 
the  tests  being  longer  than  the  chamber  of  the  gun,  it  was  necessary, 
in  order  that  the  powder  might  be  forced  into  place,  to  rip  the  longi- 
tudinal seam  in  the  bag,  with  the  exception  of  about  2  inches  at  each 
end,  and  to  substitute  for  the  thread  a  steel  wire ;  the  cartridge  being 
forced  down,  and  the  wire  removed  by  means  of  a  string  attached  to  it, 
the  powder  lying  beyond  wa«  forced  loosely  into  the  chamber.  The 
charges  of  powder  varied  from  5^  to  5H  pounds ;  the  resulting  air- 
space ranging  from  31.32  to  35  cubic  inches  per  pound  of  powder. 

PROJECTILES. 

The  projectiles  were  aU  of  the  Butler  pattern,  and.  except  two,  12J 
pounds  solid  shot,  and  five  11^  pound  cored  shot — ^the  latt^n*  fired  at  sea 
for  ranges — were  cored  shot,  weighing  IQJ  pounds. 

RESULTS  OP  FIRING. 

.  An  examination  of  the  record  of  firing  appended  shows  that  the  best 
results  w;ere  obtained  with  5  pounds  13  ounces  of  I.  B.  powder,  which 
gave  a  muzzle  velocity  of  2,026  feet  with  only  30,000  pounds  pressure. 
The  loss  of  37  feet  in  velocity  in  81  feet  of  flight,  though  great,  might 
be  expected  of  a  light  projectile  moving  with  such  very  great  velocity. 
It  will  also  be  observed  that  an  increase  in  the  charge  of  powder,  2 
ounces,  gave  no  additional  velocity  to  the  projectile,  fixing  5  pounds  13 
ounces  as  the  maximum  effective  charge  of  this  powder  for  this  rifle. 
The  best  average  results  so  far  obtained  from  the  3"  breech-loading 
rifle  was  with  3  pounds  of  I.  A.  powder,  using  same  kind  and  weight  of 
projectile  as  above,  the  resulting  muzzle  velocity  being  1,658  feet,  and 
pressure  36,333  pounds.  The  loss  of  velocity  in  75  feet  was  16  feet.  An 
average  of  five  rounds  with  the  chambered  rifle  gave  a  range  of  3,049^ 
yards. 

181 
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CONCLUSIONS. 

It  will  be  seen  that  the  advantage  of  chaml^ering  is  fully  established, 
a«  the  results  obtained  are  most  excellent,  and  fully  equal  to  any  devel- 
oped abroad.  It  is  therefore  of  the  highest  importance,  in  the  opinion 
of  the  Board,  that  further  experiments  be  made  by  applying  this  prin- 
ciple to  higher  calibers,  and  practically  establishing  the  extent  to  which 
it  can  be  i^ed  in  our  sea-coast  armament. 

After  a  fuU  consideration  of  the  subject,  as  applied  to  our  present  field 
guns,  the  Board  is  of  the  opinion  that  the  chambering  principle  should 
be  used  in  any  which  may  hereafter  be  altered  into  breech-loaders. 
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APPEi^DIX  V^. 

PROGRESS  REPORT  ON  8-INCH  BREECH-LOADING  RIFLE. 

The  gun  and  carriage  were  fully  described  in  the  report  of  the  Con- 
structor of  Ordnance,  and  published  in  the  Report  of  the  Chief  of  Ord- 
nance for  1878. 

This  rifle  has  been  fired  in  all  202  rounds,  190  of  which  were  with 
battering  charges  (35  pounds).  An  examination  of  the  accompanying 
record  will  show  that  in  the  firings  with  battering  charges  the  average 
weight  of  shot  used  was  181  pounds;  the  meah  velocity  at  muzzle,  1,3G3 
feet ;  the  mean  maximum  pressure,  30,302  pounds  per  square  inch  of 
bore;  and  the  mean  energy  at  muzzle,  2,333  foot-tons. 

REMARKS. 

The  gun  remains,  so  far,  intact,  and  awaits  the  trials  further  contem- 
plated and  decided  upon  aa  necessary  to  test  the  endurance  of  this  Bys> 
tem  of  construction. 
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APPENDIX  I". 

PROGRESS  REPORT   ON    11-INCH   MUZZLE-LOADING  RIFLE,   CONVERTEO 

FROM  A  15-INCH  SMOOTH-BORE  GUN. 

A  full  description  of  the  gun  will  bo  found  in  the  report  of  the  Con- 
structor of  Orclnance.  It  is  mounted  on  the  ordinary  15-inch  service- 
carriage,  provided  with  pneumatic  butters  for  checking  recoil. 

By  the  record  it  will  be  seen  the  gun  has  been  fired  33  rounds  with 
charges  varying  firom  70  to  85  pounds;  the  projectiles  varying  in  weight 
from  503  to  552  jiounds.  Various  powders  have  been  used  in  the  tests 
in  the  endeavor  to  find  one  best  suited  for  the  trial  of  the  gun.  The 
sample  I.  n.  (see  record),  the  last  tried,  lias  given  fair  results — with  85 
pounds  of  powder  and  a  shell  weighing  552  pounds — the  recorded  veloc- 
ity being  1,290  feet,  with  a  corresponding  pressure  of  30,000  pounds. 
Experiments  will  be  continued  when  the  supply  for  the  tests  recently 
ordered  from  the  Messrs.  Du  Pont  &  Co.  shall  have  been  received. 

The  gun  remains  in  a  sound  and  serviceable  condition. 
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APPENDIX  I«. 

EEPORTS  ON  A  GATLING  GUN,  CALIBER  45-INCH  (ENGLISH  MODEL),  HAV- 
ING A  NEW  POINTING  APPARATUS. 

(Fifteen  plates.) 

Sm :  In  compliance  with  the  instructions  of  the  Acting  Chief  of  Ord- 
nance, of  September  1, 1879,  in  third  indorsement  on  Capt.  J.  E.Greer's 
report  of  April  2, 1879  (1176  of  1879),  the  Board  has  the  honor  to  report 
that  the  tests  ordered  were  made  at  Saiidy  Hook  on  the  2«^th,  26th,  and 
27th  ultimo.  The  fixtures  dift'er  from  those  described  in  the  report  of 
the  board  of  April  4, 1879,  in  the  following  particulars  only :  Tlie  taper 
key  or  wedge,  which  fitted  under  the  lever  and  between  it  and  the  swiv- 
eled  steel  box  through  which  it  passed,  has  been  omitted,  it  being  re- 
placed by  a  simple  clamp-screw.  This  clamp  is  now  on  the  left  of  the 
swiveled  box,  and  the  clamp  for  the  turn-table,  formerly  on  the  righty 
has  been  transferred  to  the  left  side  to  be  within  reach  of  the  left  hand,, 
the  right  hand  remaining  always  at  the  firing  crank.  The  screw-clamp 
was  substituted  for  the  wedge,  as  it  was  feared  that  the  latter  might 
become  rusted  and  give  trouble  by  sticking  in  its  seat.    A  simple  device 

for  limiting  the  oscillation,  as  shown  in  this  rough 
sketch,  has  been  attached  t^  the  stock,-  and  could  be 
used  or  not,  as  circumstances  warranted.    When  in  use 

CrfTTpiB — \  it  is  turned  up  so  as  to  limit  the  play  of  the  lever,  the 
I !  .j^^^  I  amplitude  of  the  oscillation  being  regulated  by  the 
j  I  <    screws  A  A  (see  Plates  XI,  XII). 

ilJ_j  m       '        With  this  arrangement  six  targets  were  fired,  four 

of  them  being  at  200  yards  distance  and  the  remaining- 
at  500  yards  (see  target  plottings  appended  and  marked 
1,  2,  3,  4,  5,  and  6,  Plates  I,  II,  III,  IV,-  V.  and  VI). 
In  all  10  series  of  500  rounds  each  were  iired  at  targets  11  oy  52  feet- 
made  of  1-iuch  spruce  boards.  Of  the  500  rounds  fired  at  the  first  ana 
second  targets  at  200  yards,  all  were  direct  hits ;  at  the  500-yard  targets 
(Kos.  3  and  4),  the  hits  were  respectively  453  and  489. 

Up  to  this  time  5  men  had  been  employed  in  the  service  of  the  piece, 
the  average  time  occupied  in  firing  500  rounds  being  V  29|''.  The  men 
were  not,  however,  required  to  fire  as  rapidly  as  possible  during  these 
trials. 

The  fifth  and  sixth  targets,  at  200  yartls,  were  fired  by  three  men,  one 
turning  the  crank,  one  feeding  and  handling  cases,  and  one  attending 
to  the  oscillator  or  lever,  the  clamps  being  unscrewed  and  the  gun  iree 
to  move  both  vertically  and  horizonta-Uy.  An  examination  of  these  tar- 
gets— on  the  first  of  which  there  were  but  75  and  on  the  second  but  148 
hits — shows  how  difficult  it  is  to  control  the  disi)ersion,  the  hand  alone 
controlling  the  lever,  and  that  it  is  necessary  to  clamp  the  lever  to  pre- 
vent too  great  oscillation. 

The  seventh,  eighth,  ninth,  and  tenth  targets  (Plates  VII,  VIII,  IX, 
and  X),  at  200  yards,  show  good  results,  the  hits  being  resi)ectively  497, 
467,  473,  and  488 ;  in  these  targets  the  straight  lever  was  replaced  by 
one  forked  at  the  end  to  enable  the  man  directing  the  gun,  by  placing 
his  body  between  the  forks,  to  better  control  the  dispersion.    Whilst 
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firing  the  seventh  target  the  device  attached  to  the  stock  for  limiting 
the  oscillation  was  used,  the  clamp  on  oscillating  lever  being  unscrewed ; 
but  whilst  firing  the  eighth,  ninth,  and  tenth  the  oscillation  was  con- 
trolled by  the  lever  alone,  the  clamp-screw  being  fastened  and  the  gun 
having  only  that  much  of  vertical  oscillation  which  would  be  due  to  the 
play  of  the  gun  in  firing.  The  average  time  occupied  by  three  men  in 
firing  the  fifth  and  sixth  targets  was  50 J^' ;  two  men  fired  the  seventh 
target  in  51  J" ;  and  the  average  time  occupied  by  one  man  alone,  in 
feeding,  firing,  and  oscillating  (eighth,  ninth,  and  tenth  targets),  waa 
V  W'. 

All  the  above  firings  were  done  with  a  long  lObarreled,  caliber  (y'.45 
Gatling  gun  (see  record  of  firing  appended,  marked  A,  and  Plates  XI 
and,  XII  showing  gun,  &c.). 

GENERAL  SUM3IARY  OF  RESULTS. 
Targets  IV  X  52',  of  l-invh  spruce  hoards ;  bOO  rounds  at  each  target;  Bridge^rt ammunition. 
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Clamp  on  lever  fVee;  vertical  dispersion  att«nipt«dby  move* 
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Clamp  on  lever  ttee ;  no  movement  of  lever  by  hand  ap  and 
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2 
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Yoke  used  on  end  of  lever;  oscillator  stop  on  trail,  naed. 
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Yoke  used  on  end  of  lever;  clamp  on  lever  fastened. 
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The  Board  find  the  changes  in  the  elevating  and  traversing  fixtures 
of  the  Gatling  gun,  since  its  last  report,  in  April,  1879,  are  such  as  sim- 
plify and  economize  the  constniction,  and  add  facility  to  its  manoeuvers, 
and  are  therefore  to  be  preferred  to  the  fixtures  then  applied. 

The  various  firings  made  with  this  gun,  a^  will  be  seen  from  the  rec- 
ords of  firing  appended,  show  that  the  gun  is  handled  with  great  ease 
and  &cillty,  and  the  fact  that  one  man  can  work  the  gun  alone,  firing  500 
rounds  in  1^  minutesj  and  making  an  excellent  target,  undoubtedly  in- 
dicates that  the  improvements  have  very  much  simplified  and  perfected 
all  the  operations  with  this  gun  to  a  degree  not  heretofore  attained. 

Whether  an  automatic  oscillator  can  l^  properly  attached,  and  whether 
its  use  is  so  valuable  as  to  make  it  an  important  adjunct,  it  is  impos- 
sible for  the  board  at  the  present  time  to  decide,  but  as  this  addition  is 
recommended  by  Captain  Greer,  who  states  in  his  report  that  it  can  be 
practically  applied,  and  as  the  settlement  of  the  question  whether  it 
should  be  dispensed  with  or  not  has  arisen,  the  Board  would  recom- 
mend that  an  automatic  oscillator  be  adapted  to  one  of  the  guns  and 
carriages,  with  these  new  features,  at  the  Springfield  Armory,  as  pro- 
posed by  Captain  Greer,  and  that  experiments  be  made  at  Sandy  Hook 
to  determine  this  matter ;  all  to  be  carried  out  as  early  as  practicable. 
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Record  of  fifing  with  GatHng  guuj  eaUber  0".45,  Xo.  195  {ten  long  barreh),  at  Sandy  Hooh 
New  York  Harbor y  from  September  25  to  September  27,  lfc<79. 


o 
o 


Date.      Ammunition.   ^J^J^^  Remarks. 


600     Sept.  26 


500  I  Sept.  26 


1879. 

2     Sept.  25     Bridgeport Sighting  shots  at  20O.yard  target. 

500     Sept.  25   ....do 1'  4"        Target  No.  1.    Fired  at  200yard  target.    Total  number  of 

I  liits  in  target,  500. 

600  i  Sept.  25   ....do 1'  57"      Target  Xo.  2.    Fired  at  200-yard  target.    Total  number  of 

hits  in  target,  500. 

600     Sept.  26   ....do 1'  3^'     Target  Xo.  3.    Fired  at  500 yanl  target.    Total  number  of 

hits  in  target,  453.    Direct  hits,  396:  ricochet  hits,  57. 

600     Sept  26   ....do 1'  21^"     Target  Xo.  4.    Fired  at  500-yard  target.    ToUl  number  of 

i  hits  in  target,  480. 

600  '  Sept.  26  ' do 57)"  ,  Tareet  Xo.  5.    Fired  at  200-yard  target.    Total  number  of 

hits  in  target,  75.    Clamp  on  oscillating  lever  ft-ee.    One 
I      man  attending  to  the  vertical  and  horizontal  oscillations 
during  the  firing.    One  man  firing,  and  one  man  feeding 
and  takin;;  out  cases. 

.do 44i"     Target  Xo.  6.    Fired  st  200-yard  target.    Total  number  of 

hits  in  target,  148.    Clamp  on  oscillating  lever  fre«.    One 

j  I      man  attending  to  the  vertical  and  hor^ontal  oscillations 

I  I      during  the  firing.    One  man  fee<ling  and  taking  out  cases, 

{  I  and  one  man  firing.    Arrangement  for  limiting  oscillation 

attached  to  carriage  left  down  during  the  firing. 

600     Sept.  26  I do 51^^'  ,  Target  Xo.  7.    Fired  at  200-yard  target.    Total  number  of 

hits  in  target,  497.    One  man  firing  and  oscillating.    One 
I      man  feeding  and  extracting  cases.    Oscillation  Itmited  by 
I  arrangement  attached  to  carriage.    Yoke  used  on  end  of 

I      lever 

..do 1'  10"       Target  Xo.  8.    Fired  at  200-yard  target.    Total  number  of 

I  I      hits  in  target,  469.   One  man  feeding,  firing,  and  oscillating. 

I  \     Clamp  on  oscillating  lever  fastened  to  prevent  vertical  os- 

I      cillatuin.    Yoke  used  on  end  of  lever. 

600     Sept.  27  ; do |     V  A^'    i  Target  Xo.  9.    Fired  at  200-yard  target.    Total  number  of 

I  {      hits  in  target,  473.   One  man  feeding,  firing,  and  oscillating. 

I  i  Clamp  on  oscillating  lever  fastened  to  prevent  vertical  os- 

I      cillation.    Yoke  used  on  end  of  lever. 

600     Sept.  27    ...  .do 1'  14)"     Target  Xo.  10.    Fired  at  200-yard  target.    Total  number  of 

hits  in  target,  488.    One  man  teoding,  firing,  and  osMUating. 
j      Clamp  on  oscillating  lever  fast'ned  to  prevent  vertical  os- 

I      ciUation.    Yoke  us^  on  end  oi  lever. 

I  I 

f 

All  targets  11'  by  52',  made  of  1-inch  spruce  boards.  Mechanism  of  gun  '  'orked  well  during  entire 
firing. 

NationaC  Armory. 
SpringfUldy  Maw,,  April  H,  1879. 

Sir  :  In  accordance  with  your  instructions  to  examine  the  new- model  Gatling  gun 
designed  for  the  English  service,  I  have  the  honor  to  submit  the  following  report : 

In  its  general  features  this  gun  resembles  the  short  5-barrel  gun.  It  ditfers  from  it, 
however,  in  the  following  particulars :  The  crank  is  transferred  from  the  rear  of  the 
main  shaft  to  the  side  as  in  the  long  guns.  This  necessitates  the  addition  of  a  dia- 
phragm which  receives  and  ti'ansmits  the  pressure  from  the  cam  directly  to  the  cas- 
cabel-plate.  The  crank-^aft  passes  in  rear  of  the  diaphragm.  In  oi*der  that  there  may 
be  no  loss  of  speed,  as  compared  with  the  crank  on  the  main  shaft,  the  pitch  of  the 
worm  and  worm-gear  is  made  the  same. 

The  adjustment  is  at  the  rear  and  the  same  as  in  the  5>barrel  gun,  except  that,  on 
account  of  the  change  of  position  of  the  crank,  the  adjusting-nut  locking-spring 
is  replaced  by  a  slide  on  the  cascabel-plate,  which  enters  the  various  uot<^hes  on  the 
insicU  of  the  nut.  The  barrels — six  in  number — are  24  inches  in  length,  six  inches 
longer  than  those  of  the  short  gun.  The  gun  is  bronze-ca«ed  throughout.  Underneath 
and' at  the  rear  of  the  casing  is  pivoted  a  cubical  block  of  metal,  through  which,  and 
lengthwise  with  the  gun,  is  a  rectangular  slot.  A  lifter,  or  elevating-bar,  passes 
through  this  slot,  and  is  pivoted  at  its  front  to  the  turn-table  of  either  carriage  or 
tripod.  This  bar  is  clamped  in  any  position  by  another  bar,  slightly  wedge-shaped 
or  tapering,  lying  underneath  and  passing  through  the  slot  mentione<l.  By  slightly 
withdrawing  the  wedge,  the  breech  may  be  elevated  or  depressed,  and  again  clamped 
by  its  reinsertion.  * 

Near  the  outer  end  of  the  elevating-bar  a  handle  is  pivoted  to  it  having  a  groove  on 
it  upper  surface  for  the  end  of  the  bar  when  pressed  together.  A  flat  spring  between 
the  bar  and  handle  rotates  the  latt<er  downward  about  the  pivot.    At  the  lower  front 
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ir  of  thi) 


pud  of  the  handle  is  a  iwrt  of  hook  nbich  recuivea  n  projecting  pia  < 
w.;dge. 

Th«  pivot  abotit  which  the  handle  turns  beini?  nt  its  upper  front  end,  upward  motion 
of  the  roar  withdraws  tlie  we(lj{«.  In  order  tliou  to  chauffe  the  elevatioii  it  is  only 
iiocuHHary  to  pru^j  the  end  of  the  bar  and  handle  t-ogether,  and  tliKu  raise  or  lower  at 
pli>a.<inn.'.  This  may  be  easily  and  readily  done  with  one  iiand.  On  relaKint;  the  preM- 
uro  of  tlifl  baud  the  spring  tlirows  llic  handle  down  and  roturna  the  wodRe. 

The  v1evatiii"-bar  may  also  be  olauiped,  if  necea-uiry,  for  lonj;-continiieil  Ariuf;  by  a 
acrew-binder  throni;h  tile  projection  on  the  under  side  of  the  catint;.  The  advant^ifi^is 
(>f  this  method  of  cnan;;iii);  the  olevatiou  are  very  ureat.  The  elevatinjj-icrevr,  with 
its  limite<l  movement  of  breech  and  slow  motion,  is  dispensed  ivith;  the  vertical  anxle 
thronsh  which  the  giui  may  be  moved  is  vastly  inereasetl — 15^  elevation  and  30^  de- 
proiuioii  now  beinj;  given — and  the  time  nxlucod  to  a  minimum.  With  the  elevating- 
Hcrew  the  nhort  and  maf;Biiiucauuot  be  mounted  on  the  same  carria;;e  without  greatly 
weakening  the  stock  by  the  insertion  of  two  elevating-acre w  boses  near  togetlier.  By 
the  means  last  adonted either i{un  may  be  mounted  on  any  carrinKOor  tripod  inaervice. 
The  oacillator  is  also  ilispeiisi'd  with,  the  gun  being  turned  to  the  rljfht  or  left  by 
the  handle  of  the  elevating'bar.  The  turn-table  may  be  clampod  to  its  bed  byaacrew- 
lynder  if  no  horizontal  motion  ia  deaired. 

SYSTRM  NOW  IN  VSE. 


■5^- 


The  changfH  in  tliotri|)ni1  are  as  follows :  The  oscillator  isomlttcd  as  before,  and  the 
tnm-lable  is  much  lightened  by  the  removal  of  the  portion  which  supported  tiie  eleval- 
ing-Hcrew  and  its  lifter.  The  tum-tAbIc  binder  lias  been  altereil  from  that  of  an  eccen- 
tric U>  a  screw.  It  haa  been  found  that  by  continued  Hring  the  tegs  of  the  tripod  had 
a  treiidency  to  work  together,  endangeriug  the  stability  of  the  piece,  aoinetimes  even 
ti>  the  extent  of  a  complete  overthrow.  To  correct  this,  Jointed  braces  have  becu 
placed  betw>-en  the  legs.  These  fold  iin  with  the  legs  during  transportation.  So  far 
as  facility  of  direct  iiig  the  piece  from  tlie  tripod  is  concenied.  the  new  method  is  not 
>;rc8tlj  Hni>eriur  to  that  in  use,  because  the  jiiece  may  now  be  turned  through  a  hori- 
zontal are  of  :iOO^.  and  by  means  of  the  elevatinjcsen^w  lifter  the  elevation  may  be 
quickly  given ;  but  as  the  new  method  euHbleti  any  gun  to  he  lired  from  either  carriage 
or  tripod  it  is  particularly  desirable.  The  reduction  in  weight  of  the  tripod  ia  also  a 
vnlnalile  feature. 
13  ORD 
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The  great  advanfajje,  however,  is  derived  when  the  piece  is  mounted  on  the  carria;:c* 
where  the  elevatiou  is  given  by  the  screw  alone,  and  the  hoiizontal  motion  is  exceed- 
ingly limited  withont  movement  of  the  trail.  In  view,  then,  of  the  great  apparent 
superiority  of  the  new  system  over  that  in  service,  I  would  respectfully  suggest  tliat  a 
gun  and  carriage  of  the  latest  model  be  purchased  for  experiment  and  trial,  or  that 
one  of  those  now  on  hand  he  altered  for  the  jniqiose  nieutionetl. 

Plates  XIII,  XIV,  and  XV,  illustrative  of  the  aj'stem,  are  submitted  herewith. 

[First  indorsement.] 

National  Akmory,  Jpril  2,  1679. 

Respectfully  forwarded  to  the  Chief  of  Ordnance,  approving  the  recommendation 
that  a  specimen  of  the  new  pointing  apparatus  be  procured  from  the  Gatling  Gnu 
Company,  for  trial  with  one  of  the  gnus  belonging  to  the  Ordnance  Department. 

J.  G.  BENTON, 
Lieu tenau t- Colonel,  Commandintf. 

[Second  indorsement.] 

OuDXANCE  Office,  War  Departmkxt. 

Washingtony  April  4,  1879. 

Respectfully  returned  to  the  commanding  oflSccr  of  National  Armory,  authorizing 
the  purchase  of  a  specimen  of  the  new  pointing  apparatus  for  trial  and  report.     *      * 
By  order  of  the  Chief  or  Ordnance. 

S.  C.  LYFORD, 
Major  of  Ordnance. 
(Third  indorsement.] 

National  Armory,  Augmt  29,  1879. 

Respectfully  returned  to  the  Chief  of  Ordnance,  together  with  Captain  Greer's  reiM>rt, 
dated  August  26,  1879. 

I  am  of  opinicm  that  the  new  apparatus  for  pointing  Gatling  guns,  herein  referred 
to,  is  equal  to  the  old  one  for  steadiness,  and  much  superior  in  rapid  execution.  In  it 
Dr.  Gatling  has  omitted  the  old  automatic  oscillator  and  substituted  for  it  an  oscillation 
by  hand.  As  this  is  an  important  point,  and  one  that  cannot  be  properly  tested  at 
this  place  for  the  want  of  a  proper  tiring  ground,  I  recommend  that  the  entire  subject  Ik* 
transferred  to  the  Onlnance  Board  for  trial  and  determination  at  Sandy  Hook. 

Many  improvements  have  been  introduce<l  in  Gatling  guns  since  their  first  introduc- 
tion into  the  service,  making  a  variety  of  models  of  both  guns  and  carriage's  now  in 
the  hands  of  the  troops.  Some  ettbrt  should  he  made  to  reconcile  the  ditferences  by 
applying  the  improvement-s  to  all,  so  far  as  practicahle,  and  this  would  seem  to  be  » 
proijer  subject  for  tJie  considoration  of  the  Board. 

J.  G.  BENTON, 
Colonel  of  Ordnance j  Com^nanding , 


National  Armory, 
Springfield,  Mom.,  August  2Q,  1879. 

Sir:  Inmy  report  of  April  2  attention  was  called  to  a  new  device  for  elevating  or 
depressing  and  pointing  of  Gatling  guns,  and  a  recommendation  made  that  one  be  pur- 
chased for  trial.  That  recommendation  haviug  heen  approved,  the  apparatus  was 
ordered  from  the  Gatling  Gun  Company,  of  Hartford,  Conn. 

On  its  receipt  there  was  found  acc^)mpanying  it  a  second  one,  diifering  from  the  one 
described  in  the  report  mentioned  in  the  following  particulars :  The  taper  or  friction- 
bar  underneath  the  elevating-bar  is  omitted,  and  a  hrass  yoke  or  fork  of  a  size'sutti- 
cient  to  admit  the  average  man  between  the  branches  is  pinned  to  the  outer  end  of  tin* 
elevating-bar.  A  leather  strap  at  the  end  ot  this  har  passes  over  the  shoulders  of  the 
one  turninjj  the  crank,  and  enables  him  to  hold  the  bar  at  any  desired  height.  Tin* 
oscillation  is  supposed  to  bo  given  by  his  pressing  alternately  against  the  branches  of 
the  fork,  the  turn-table  being  undamped.  The  screw-binder  is  transferred  to  the  left 
side  of  the  bar  to  enable  one  man  to  clamp  the  har  without  stopping  the  firing.  Tlu- 
friction-bar  was  omitted,  through  fear  that  it  might  become  rusted  in  its  seat  and  givr 
trouble,  especially  as  the  lever  power  at  the  handle  was  very  slight  for  withdrawing  it. 
This  was  probably  iwlvisable,  though  by  slight  modifications  this  power  might  be  con- 
siderably increased.  The  first  device  required  the  oscillation  to  be  given  oy  the  left 
hand  at  the  end  of  the  elevating-bar,  the  right  being  at  the  crank.  The  eleva- 
tion once  given  remained  fixed  until  i)urposely  altered.     In  the  second  the  elevation 
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eoald  be  altered  by  the  raising  or  lowering  of  the  shonlders  over  which  the  stra]) 
passed.  Trial  with  the  tirat  one  couftnned  the  advisability  of  dispensing  with  the* 
friction-bar,  and  with  the  second  demonstrated  the  uselessuess  of  the  yoke  and  tin* 
•trap,  it  being  simjily  iuipo^sible  to  oscillate  the  gun  while  tui^iing.  Tlie  crank  being 
mi  the  right  side,  the  power  applied  to  tnrn  it  carried  the  mnz^le  of  the  gun  to  the 
right.  In  addition,  the  weight  on  the  shoulders  was  oppressive,  and  in  giving  great 
depression  to  the  muzzle  the  yoke  came  in  contact  with  the  crank-handle. 

The  dithculties  in  working  were  somewhat  increased  by  the  sticking  of  the  Frank- 
ford  service  cartridges.  These  were  manufactured  in  January  of  this  year,  and  were 
known  to  stick  even  in  the  Springfield  rifle.  Other  cartridges  caused  the  gun  to  work 
more  satisfactorily,  but  the  trials  showed  conclusively  that  the  oscillation  must  be 
automatic  or  not  at  all.  The  second  of  the  two  devices  with  yoke  and  strap  omitted, 
but  with  the  enter  end  of  the  elevating-bar  altered  so  as  to  form  a  handle,  is  believed 
to  be  the  most  desirable.  This  gives  elevation  or  dei)ression  alone,  but  by  nnclamping 
the  tnrn-table  the  gun  may  be  quickly  pointed  and  again  clamped. 

In  a  recent  conversation  with  Dr.  Gatling,  he  gave  it  as  his  opinion  that  the  oscilla- 
tion should  be  given  by  the  elevating-bar  alone,  no  better  means  having  been  sug- 
gested, but  admitted  that  it  would  require  the  entire  service  of  an  additional  man. 
Even  then  it  is  impracticable,  owing  to  the  lack  of  unity  between  the  power  applied 
at  tlie  end  of  the  bar  and  the  crank-handle.  He  also  proposed  to  limit  the  oscillation 
by  a  device  similar  to  that  shown  on  the  margin,  attached  to  the 
trail,  and  which  may  be  readily  rotated  so  as  to  receive  a  lug  on 
the  tuni-table  between  the  screws  A,  A,  the  amplitude  of  the  os- 
cillation being  regulated  by  the  space  between  the  screws,  or  be 
turned  down  on  the  trail,  allowing  the  piece  to  be  pointed  in  any 
direction.  This,  it  will  be  seen,  is  a  partial  return  to  the  automatic 
fieoillator. 

As  it  was  thought  that  the  present  automatic  oscillator  should 
not  be  abandoned  until  something  better  of  the  same  nature  had 
bwin  devi8e<l,  I  suggested  its  combination  with  the  new  method 
of  giving  the  elevation.  This  was  done  by  the  addition  to  the 
sliding-block  on  the  elevatinj^-bar  of  a  swivel,  the  outer  end  of  which  termiijated  in 
a  cylindrical  piece  just  sufficient  to  fill  that  portion  of  the  oscillator  which  ordinarily 
n*ceives  the  knob  of  the  elevating-screw,  and  bv  the  omission  of  the  piece  now  swiv- 
eled  to  the  block  and  connected  rigidly  with  tlie  gun.  A  pin  through  the  oscillator 
and  cylin<lrical  part  of  the  swivel  prevented  the  latter  from  sliding  out  of  its  seat. 
By  this  means  the  automatic  oscillation  was  retained  with  all  the  desirable  features  of 
tlie  new  elevating  apparatus,  and  the  whole  was  found  to  work  fairly.  In  making  a 
new  oscillator  the  swivel  jiart  should  be  cast  solid  ^'ith  it  for  simpUoity  and  cheapness. 

The  oscillating  motion  necessitates  the  trunnion-swivel  being  cast  separate  from  tlu- 
turn-table,  and,  conse<iuently,  admits  the  use  of  those  now  on  the  carnages. 

One  objection  to  the  change  made  at  Hartford  is  that  it  jequires  calling  in  the  guns 
in  order  that  the  piece  which  replaces  the  ascillator  may  be  permanently  fastened  t^) 
them.     They  couM  not  then  be  used  on  the  present  carriages. 

As  modified  here,  a  part  of  the  oscillator  not  in  contact  with  the  gun  was  slightly 
changed,  but  as  the  oscillator  is  classed  a«  a  part  of,  and  is  issued  with  the  carriage,, 
the  whole  would  be  together,  and  the  gun  could  bo  mounted  on  either  carriage,  old  or 
new. 

The  present  tripod  system,  though  heavier  and  more  expensive  than  the  one  pro- 
{KM^d,  gives  elevation,  depression,  and  oscillation  without  moving  the  legs  of  the 
tripod. 

If  the  same  system  were  adapted  to  the  carriage,  the  piece  conld  be  quickly  pointed! 
without  moving  the  trail,  and  the  elevation  could  be  given  as  rapidly  as  with  the  new 
device. 

I  wo  lid  respectfully  suggest  that  Dr.  Gatling  be  invited  to  visit  this  armory  an«t 
witness  the  working  of  the  parts  a«  modified  here. 
Very  respectfully,  your  obedient  servant, 

JOHN  E.  GREER, 
Captain  of  Ordnance,  U.  S..  A. 

The  Commanding  Officer, 

National  Armory, 

[Indorsement.  1 

Ordnance  Office,  War  Departthext, 

Wa8kingt<mj  September  1,  1879. 

Respectfully  referred  to  the  Onlnance  Board  U.  S.  A.,  for  trial  and  report,  and  with- 
iliri'ctions  to  communicate  with  the  Gatling  Gun  Company  qh  to  time. 

S.  C.  LYFORD, 
Acting  Chief  of  Ordnance.. 
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LONG  10-BABREL  GATLINS  OtTN,  CAL.  0-.45, 

Sboiriiig   Improved   Piitiuea   tor  Elevating  and  Oadllating  Gnu,  straight  lever; 

also,   fixture   for   limitiiig  osdllatioD. 

(DOWN— Not  in  nae  as  Bhown.) 


UOfO  lO-BABRKL  OATUKO  OVV,  CAU  0-.4B. 
Dg  F!itum  for  Elevating  and   OndllMing  Gnu.  bftviog  Ibrk  kUacbed  U 
lavar;    iln.   flxtare  attached 
( DOWN—Not 


a  stock  br  limiling  oaciUalion. 
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*'=*^J" 
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RBW     MODBL    aATIORG    Oim. 

Apptndii  1**  .-R*p«n  of  th*  Chltf  ol  OntHiMM,  ,%t9. 

HBW     MODEL    OATX-IHa    dUN. 
Dcatgncd  for  th«  BnclUh  Bsnriea. 


App*ndlM  I"  — «»|»ft  of  th.  CKIal  o(  O'd' 


APPENDIX  I". 

REPORT  ON  MULTIBALL  CARTRIDGES  FOR  GATLING  GUN. 

(Thirteen  plates.) 

Hartford,  Conn.,  September  14, 1878. 

Sir:  We  have  the  honor  to  request  a  trial  of  Wright's  multiball  jC5ar- 
tridges  in  the  Gatling  gun,  the  accounts  we  receive  indicating  them 
well  adapted  for  use  in  a  Gatling  gun  on  special  occasions. 
We  have  the  honor  to  be,  with  great  respect,  your  obedient  servants, 

Gatling  Gun  Company, 
By  EDGAR  T.  WELLES, 

Treofiurer, 
Gen.  S.  V.  Ben6t, 

Chief  of  Ordnanoej  U.  8.  A.,  Washingtonj  D.  C 

[First  indorsement.] 

Ordnance  Office,  September  16, 1878. 

Respectfully  referred  to  the  Ordnance  Board.  Ten  thousand  of  these 
cartridges  have  been  ordered  to  be  made  at  the  Frankford  Arsenal  and 
issued  to  Lieutenant  Starring.  When  received  please  make  such  trials 
with  them  as  will  test  their  suitability  for  use  in  this  gun,  and  communi- 
cate with  the  writer. 

S.  C.  LYFORD, 
Acting  Chief  of  Ordnance. 

[Second  indorsement.] 

The  Ordnance  Board, 
Kew  York  City,  October  15,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance,  with  record  of  firings 
uiade  at  Sandy  Hook,  October  3  and  4,  with  the  multiball  cartridges, 
and  target  records  of  same.  (See  Plates  I,  II,  III,  IV,  and  V.)  Du- 
plicates have  been  furnished  Mr.  Welles. 

S.  CRISPIN, 
Bvt,  CoL  U.  S.  A.,  Lt.  Col.  of  Ord.,  President  of  the  Board. 


Record  of  firing  mth  lO-barrel  Gatling  gun^  caliber  0".45,  at  Sandy  Hook^  New  Yokr  Har- 
bor, from  October  8  to  October  4,  1878. 


%. «  t 

eg    ' 

r4  I 


Date. 


2, 000    Oct     3, 1878 


:,000    Oct     4,1878 


2.000 

i.eoo 

9,000 


Oct     4, 1878 
Oct     4, 1878 


Animuuition. 


Wright's  mnltlball  cartridfEoa ; 
charge,  45  grainfi ;  throe  rouud 
bullets  in  each  cartridge; 
-weigh t.,  133  grains  each. 


2,000    Oct     4,1878  do 


.do" 

.do 
do 


Bemarks. 


Target  No.  I: 
Fired  at  100-vard  target  (000  fire<l  at  renter  ot 
tiirget,  600'  fired  eight  feet  to  left,  400  fired 
thirteen  feet  to  left,  and  400  fired  eight  feet 
to  right  of  center  ot  target) ;  hits,  4,301. 
Target  No.  2 : 
Fired  at  200-.vard  target  (1,000  fired  three  feet 
to  right  of  center,  and  1,000  fired  six  feet  to 
left  of  center  of  target) ;  hits,  3,595. 
Target  No.  3: 
Fii-ed  at  250-yard  target  (1,000  fired  five  feet  to 
right  of  center,  anal.OOO  fired  five  feet  tolefr 
of  center  of  target) ;  hits,  2,382. 
Target  No.  4 : 
FirtMl  at  300-;^-ard  target;  hits,  1,571. 

Target  Ko.  5 : 
Fired  at  200-yard  target;  hits,  2,650. 


NoTR  —Two  cartridges  failed  to  explode;  one  duo  to  four  balls  and  no  powder,  and  the  other  no 
vHQt  thit>ugh  cup. 
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[Third  indorHeiuent.  ] 

Ordnance  Office,  October  17, 1878. 

Res[)ectfully  referred  to  the  coiiiniandiug  officer  Frankford  Arsenal 
for  the  information  of  Captain  Wright. 

S.  C.  LYFORD, 
Acting  Chief  of  Ordnance. 

[Fourth  indorsement.] 

Frankford  Arsenal,  Pa., 

October  18,  1878. 

Respectfully  referred  to  Capt.  E.  M.  Wright  for  his  information. 

J.  M.  WHITTEMORE, 
Major  of  Ordnance^  Govimanding. 

[Fifth  indorsement.] 

Frankford  Arsenal,  Pa., 

October  25, 1878. 

Respectfully  returned  to  the  commanding  officer  Frankford  Arsenal. 

Tlie  targets  obtained  at  Sandy  Hook  were  not  as  good  as  they  should 
have  been.  liTxperiments  conducted  since  the  trial  there  show  that  al- 
most any  result  can  be  obtained  by  varying  the  kind  of  i)Owder  or  the 
amount  of  charge  used. 

Ill  my  original  experiments  I  used  the  service  Hazard  powder,  giving 
a  velotdty  of  1,320  feet.  At  Sandy  Hook  the  powder  was  Dupont's  ser- 
vice of  1,360  feet,  and  scattered  the  bullets  too  much. 

I  inclose  herewith  three  targets  at  100,  200,  and  300  yards  (see  Plate 
VI),  which  are  from  25  to  100  per  cent,  better  than  the  corresponding 
ones  made  at  Sandy  Hook,  and  would  respectfully  request  a  further 
trial  with  such  number  as  the  department  may  deem  proper. 

B.  M.  WRIGHT, 

Cajptain  of  Ordnance, 

[Sixth  iudorscniont.  ] 

Frankford  Arsenal,  Pa., 

October  26,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance,  United  States  Army. 
I  see  no  reason  why  the  results  obtained  by  Captain  Wright,  and  re- 
ferred to  in  the  preceding  indorsement,  cannot  be  reproduced  at  any 
time  if  desired. 

J.  M.  WHITTEMORE, 
Major  of  Ordnance,  Commanding, 

[Seventh  indorsement.] 

Ordnance  Office,  October  28, 1878. 

Respectfully  returned  to  the  Ordnance  Board. 
By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYFORD, 
Major  of  Ordnance, 
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[Eighth  indorsement.] 

The  Ordnance  Board,  October  29, 1878. 

Respectfully  retiirne^l  to  the  Chief  of  Ordnance,  recommending  that 
Onptain  Wright  be  allowed  the  additional  trial  desired,  and  that  the 
commanding  officer  Frankford  Arsenal  be  instructed  to  make  and  send 
to  Sandy  Hook,  for  this  trial,  10,000  cartridges. 

S.  CRISPIN, 
Bet,  Vol,  U.  S.  A,y  Lt,  Goh  of  Ordnance^  President  of  the  Board, 

[Ninth  indorsement.]- 

Ordnance  Office,  October  31, 1878. 

Respectfully  referred  to  commanding  officer  Frankford  Arsenal,  who 
^will  make  10,000  rounds  and  send  them  to  Sandy  Hook,  this  paper  to 
be  forwarded  to  the  Ordnance  Board. 

In  the  next  trial  the  Board  will  determine  the  maximum  distance  at 
which  a  ball,  of  the  multiball  cartridge,  w^ill  be  effective,  and  the  per- 
centage of  balls  in  thft  target  at  the  maximum  distance. 

S.  V.  BENET, 
Brig,  Oen,,  Chief  of  Ordnance, 

[Tenth  indorsemont.  ] 

Frankford  Arsenal,  Pa.,  November  25,  1878. 

Respectfully  forwarded  to  the  Ordnance  Board.  Ten  thousand  multi- 
ball  cartridges,  cal.  .45,  Wright's,  will  be  shipped  by  rail  to  Lieut.  W.  S. 
Starring,  Sandy  Hook,  N.  J.,  to-morrow. 

JAS.  M.  WHITTEMORE, 
Major  of  Ordnance,  Commanding, 

[Eleventh  indorsement.] 

The  Ordnance  Board  U.  S.  A., 

New  YorJcy  December  30,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance  U.  S.  A.,  together 
with  record  of  firings  and  target  plottings  made  at  Sandy  Hook  Novem- 
ber 29  and  30.  (See  Plates  VII,  VIII,  IX,  X,  XI,  XII,  and  XIII.) 
The  record  shows  that  up  to  and  including  300  yards  the  destructive 
ett'ect  is  very  great,  and  exceeds  that  obtained  with  canister,  and  is 
more  than  one-half  greater  than  that  obtained  in  any  mitrailleurs  using 
the  ordinary  ammunition.  Three  hundred  yards  the  board  considers 
the  maximum  effective  distance  for  the  multiball  cartridge,  at  which 
range  tliere  were  1,(>83  hits  lor  the  1,000  rounds  fired,  or  50  ly  per  cent, 
of  hit6  for  the  3,000  balls  thrown.  Of  the  1,683  hits,  only  50  per  cent, 
of  the  balls  went  through  the  target. 

S.  CRISPIN, 
Bvt,  Col,  U,  8,  u*!.,  Lt,  Col,  of  Ordnance,  Preaident  of  the  Board. 
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Record  of  firing  with  WrighVs  multihall  cartridges^  fired  at  Sandy  Hook,  Sew  York  Harbor, 
from  Novemher  2d  to  November  30,  1878,  from  Gatling  gun,  caliber  0".45. 


o 

'11 


Date. 


Ammunition. 


1, 000  ,  Nov.  29, 1878 


"Wright's  muUihall  cartridfres;  i 
charge,  45  grains;  each  cart-  i 
ridge  containing  thren  ball.i 
weighing  133  grains  each. 


a  oe 

o 

y 

Qj 

■^ 

^ 

e$ 

be 

> 

a> 

ii 

-o 

» 

1, 000  I  Nov.  29, 1878  do 


1,000  .Nov.  29,1878     do 


1,  000  I  Nov.  30, 1878 do 


U 


Fired  at  100-^ard  target ;  ji^an  oscillating, 
number  of  hits  in  target,  2,801 :  ;i.J 
fired  fifteen  fwjt  to  left  of  c*'ntor,S*»» 
two  feet  to  left,  and  3*J0  Hred  fourlr'U 
feet  to  right  of  center ;  target,  10  by 
32  feet,  made  of  1-incb  8prac«  boArdi>. 

Fired  at  150-yai'd  target ;  f^un  oscillating : 
number  oi  bits  in  tai-|;et,  2,644;  240 
fired  thirteen  feet  to  left  of  center,  24i) 
five  feet  to  left,  280  six  feet  toriglit. 
and  240  fired  fourteen  f()et  to  rii^ht  of 
center;  target,  10  by  52  feet,  made  of  I 
inch  spruce  boards. 

Fired  at  200-yard  target ;  gun  oscillatins : 
number  of  hits  in  target,  2,582;  JJi) 
fired  nine  feet  to  left  of  cent«»r.  :«» 
six  feet  to  right  and  320  fired  niuftttD 
feet  to  right  of  center :  target.  12  b\  5:i 
feet,  matio  of  linch  spruce  boanln. 

Fired  at  250-vard  target ;  gun  oaciJlatinj:. 
number  or  hita  in  target.  2.017;  m 
fired  seven  feet  to  left  of  center  and 
610  fired  sixteen  feet  to  right  of  cvdUt. 
target,  12  by  52  feet,  made  of  1  inch 
spruce  boards. 

Fired  at  300-^'ard  target ;  gun  oscillatins: 
number  of  hita  in  target,  1,083;  30  jht 
cent,  not  through ;  490  fired  two  feet  to 
left  of  C4^nter  and  510  fire<l  sixteen  feet 
to  right  <»f  center;  target,  14  by  52  fett. 
made  of  1-inch  spruoo  boanls. 

Firwl  at  350-yard  target ;  gun  owoillatins; 
number  ot  hits  in  target,  1,170;  IOimt 
cent,  through;  target.  14  by  52  feet, 
made  of  1-inch  spruce  boards;  all  tireit 
ten  feet  to  right  of  center. 

Fired  at  400-yard  target :  number  of  hit* 
in  target,  768;  3  per  cent,  throufrh. 
target,  14  by  52  fe<5t,  made  of  linch 
spruce  lM)aras;  all  fired  eight  feet  to 
right  of  center. 

Note.— Gun  worked  well  during  the  entire  firing;  no  trouble  feeding  or  extracting  cartridges. 


1, 000  ,  Nov.  30, 1878   do 


1, 000  '  Nov.  30, 1878 


do 


1, 000     Nov.  30, 1878   do 
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APPENDIX  K. 

REPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  ROCK  ISLAND  ARSENAL 
DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  1879;  MAJOR  D.  W.  FLAG- 
LER, ORDNANCE  DEPARTMENT,  COMMANDING. 

(Nine  plates.) 

SHOP  G. 

An  iron  working  and  finishing  shop  for  the  arsenal. 

During  the  fiscal  year  the  basement  story  of  this  shop  has  been  built 
and  the  first  story  abovethe  basement  has  been  nearly  completed.  The 
iron  beams  for  one-half  of  the  first  floor  have  been  purchase,  and  all 
the  iron  for  the  floor  fitted  and  put  in  position.  All  the  iron  bases 
for  the  first  floor  and  iron  columns  for  the  first  story  have  been  made 
and  fitted  in  the  arsenal  shops,  and  all  the  iron  beams  for  the  second 
floor  have  been  purchased  and  are  now  being  fitted.  About  one-sixth 
of  the  stone  required  for  the  second  story  has  been  purchased,  and  nearly 
all  of  the  expensive  entablature  for  the  third  story  has  been  purchased 
and  is  now  being  cut. 

AU  of  the  lumber  required  for  the  building  ^except  the  floors)  has  been 
purchased  and  stacked  for  seasoning,  and  a  oout  one-half  of  the  doors, 
door-frames,  window-sash,  and  window-frames,  have  been  made  in  the 
arsenal  shops.  All  of  this  work  has  progressed  satisfactory  y,  except  that 
serious  and  vexations  delays  have  occurred  in  procuring  from  the  Graf- 
ton Quarry  Company  sufiicient  quantities  of  stone  when  required. 

SHOP  I. 

A  wood-working  and  leather- working  shop  for  the  arsenal. 

This  shop  wa«  begun  during  the  year.  It  is  the  last  shop  to  be  built 
that  is  included  in  the  plans  for  the  arsenal.  Excavations  for  the  build- 
ing and  for  foundations  were  begun  in  July,  1878.  The  difficulties  met 
in  procuring  suitable  foundations  for  shops  F  and  G,  and  whi(;h  have 
been  described  in  previous  annual  reports,  were  again  encountered  in 
j)rociuing  foundations  for  this  shop.  Nearly  all  the  foundations  are 
built  on  the  peculiar,  tough,  indurated  claj'  which  has  been  dcvscribed  in 
previous  reports.  The  examinations  and  trials  of  this  clay  gave  rather 
better  results  than  in  the  case  of  shops  F  and  G,  and  the  foundations  are 
satisfactory. 

The  depth  of  the  excavations  for  foundations  below  the  floor  of  the 
basement  averaged  about  13  feet,  and  extended,  in  all  cases,  3  feet  in 
the  bed  of  clay  described. 

The  bed  of  clay  was  fully  examined  to  determine  whether  it  was  good 
and  uniform  throughout,  by  drilling  holes  through  it  to  the  rock  below 
at  intervals  of  about  30  feet. 

The  average  dei)th  to  the  rock  below  was  about  20  feet,  and  about  30 
feet  from  the  level  of  the  basement. 

The  foundations  were  made  from  11  to  12  feet  wide  at  the  bottom ;  the 
excavation  in  the  clay,  3  feet  deep  and  about  11 J  feet  wide,  being  wholly 
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filled  with  carefully-rammed  concrete.  From  the  top  of  this  the  foanda- 
tion  walls  are  built  of  rubble  and  cement-mort-ar,  battered  on  both  side? 
till  they  are  5  feet  wide  at  the  level  of  the  basement  floor.  At  tliis 
point  the  footing  stones,  4J  feet  wide,  were  laid,  and  on  these  were  laid 
the  main  walls  of  the  building. 


Surface  of  ground. 


Basement  floor. 


I  i 

K       I 


Concrete. 


%: 


^ ^U^L ^ 

The  unfilled  part  of  the  excavation  between  the  rubble  walls  and  the 
bank  was  then  filled  with  the  clay  that  had  been  excavated,  which  was 
well  rammed  to  protect  the  walls  from  water.  The  bed  of  clay  is  itself 
imper\ious  to  water,  and  the  excavation  in  it  being  filled  with  rammed 
concrete,  the  bottom  of  the  foundation  is  thoroughly  protected  from  the 
action  of  water.  The  foundations  for  the  76  floor-piers  are  of  the  same 
character,  and  were  built  in  the  same  way.  They  are  generally  11 J  feet 
square  at  the  bottom. 

The  total  amount  of  masonry  in  the  foundations  (below  the  basement 
floor)  in  this  building  is  5,574  cubic  yards,  about  80  i)er  cent,  of  the 
amount  in  the  walls  above  ground.  The  foundations  are  all  laid  iu 
cement-mortar,  and  cost  $2.33  per  yard.  The  stone  was  dug  from  the 
piles  of  earth  and  rock  taken  out  of  the  water-power  ca]\al  some  years 
ago.  It  was  ferried  across  the  water-power  pool,  and  hauled  to  the  build- 
ing in  wagons  at  a  cost  of  66  cents  per  yard,  about  22  cents  per  ton. 

Derricjks  and  new  mechanical  devices  were  employed  to  lessen  the  cost 
of  putting  in  the  foundations,  and  the  cost  of  the  work  is  exceedingly 
low. 

Plate  I  shows  all  the  excavations  and  foundations  as  constructed, 
and  positions  and  depth  of  some  of  the  borings  made  to  examine  strnt^i 
below  the  foundations. 

The  stone  required  for  the  walls  of  this  building  is  brought  from 
Anamosa,  Iowa,  and  is  funushed  by  Mr.  J.  A.  Green  under  contract. 
This  stone  has  already  been  used  in  the  construction  of  one  set  of  quar- 
ters, and  the  Post  building,  on  Main  avenue ;  but  was  not  adopted  for 
this  shop  until  after  very  careful  tests  had  been  made,  and  trials,  ex- 
tending through  several  years,  to  determine  its  durability  when  expose<l 
to  water,  frost,  and  the  weather. 

It  coincides  closely  in  appearance  with  the  stone  used  in  the  other 
shops,  is  believed  to  be  more  durable,  and,  although  less  handsome  when 
new,  the  thick  ledges  used  give  a  more  massive  appearance  to  the  walls; 
and,  as  the  stone  grows  brighter  with  exi)osure  and  age,  it  is  believecl 
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tliat  it  will  make  as  handsome  a  building  as  any  of  the  others.  The 
price  paid  is  a  low  one,  and  the  stone  can  be  cut  cheaper  than  the  Joliet 
stone  used  in  the  other  shops. 

The  stone  has  been  furnished  promptly  and  satisfactorily,  and  work 
on  the  building  has  progressed  rapidly  as  far  as  'the  limited  appropria- 
tion would  permit. 

Besides  the  completion  of  the  excavations  and  foundations,  the  base- 
ment story  has  been  built  entire ;  tlie  iron  beams  for  the  first  floor  pur- 
chased, fitted,  and  put  in  place ;  the  cast-iron  bases  for  the  first  floor 
c^iist,  fitted,  and  put  in,  and  about  one-half  the  stone  for  the  first  story 
Las  been  purchased,  cut,  and  prepared  for  setting.  The  cost  of  the  por- 
tion of  this  building  completed  at  the  present  time  has  been  about  one- 
half  the  cost  of  the  same  amount  of  work  on  other  buildings  seven 
years  ago. 

.     SHOP  H. 

An  iron-foundery  shop  for  the  armory. 

This  shop  was  also  begun  dimng  the  year.  It  is  the  last  shop  but 
one  (K  not  begun)  included  in  the  plans  for  the  armory.  Excavations 
for  the  building  and  the  foundations  were  commenced  in  August,  1878. 
The  excavations  for  the  building  have  been  completed,  and  the  excava- 
tions for  foundations  of  about  two-thirds  of  the  waUs  completed  and 
the  foundations  put  in. 

Plate  II  shows  this  work  fully.  The  character  of  the  strata  exca- 
vated, the  foundations  obtained,  and  method  of  constructing  them  are 
about  the  same  for  nearly  all  of  the  buildings  as  in  shop  1,  just  described, 
and  further  description  of  them  is  unnecessary. 

In  the  plat  of  the  building,  the  full  black  line  shows  the  foundations 
that  have  been  put  in;  the  dotted  line  shows  the  parts  that  have  not 
been  put  in. 

A  special  description  is  required  of  the  difficulties  encountered  in 
getting  suitable  foundations  in  the  part  marked  &  o  on  the  plat. 

There  was  a  pocket  in  the  rock  at  this  point,  similar  to  those  found 
under  shops  D  and  G,  described  in  annual  reports  for  the  fiscal  years 
ending  June  30, 1872  and  1878.  This  new  pocket  was  deeper  and  the 
difficulties  which  had  to  be  overcome  in  getting  secure  foundations  were 
more  serious  than  in  any  previous  case.  This  pocket,  and  the  form 
and  dimensions  of  the  excavation,  in  the  direction  of  the  walls  of  the 
building,  are  shown  at  &  e  on  the  geological  chart.  Si)ecial  drawings 
on  a  larger  scale.  Figures  2  and  3,  show  more  fully  the  form  of  the  ex- 
cavation and  the  masonry  put  in. 

The  total  depth  of  the  excavation  below  the  basement  floor  was  62 
feet,  making  the  total  depth  from  the  surface  of  the  ground  67  feet. 

The  strata  passed  through  were  generally  a  soft,  unstable  mixture  of 
clay  and  various  earths,  alternating  with  loose  masses  of  rock,  and  in 
some  places  points  of  poor,  solid  rock  projected  into  the  excavation. 
These  last  had  to  be  removed  even  when  sound,  to  permit  putting  in 
secure  sheathing,  and  also  to  permit  hoisting  out  the  materials  exca- 
vated below.  This  could  be  accomplished  only  by  drilling  and  wedging, 
as  blasts  could  not  be  used  without  destroying  the  sheathing.  The  same 
means  had  to  be  employed  in  breaking  up  the  loose  masses  of  rock  into 
fragments  that  could  be  hoisted  out 

A  great  difficulty  was  to  construct  sheathing  of  sufficient  strength  to 
resist  the  pressure  of  the  loose,  sliding  masses  of  rock  that  were  passed 
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in  going  down.  It  wonld  occur  that  where  this  pressure  was  greatest, 
there  would  be  little  or  nothing  in  the  opposite  bank  to  resist  it. 

The  ooze  or  wash  of  the  soft  clay  through  the  sheathing  sometimes 
left  vacant  places  behind  the  sheathing  till  caving  in  filled  them  up. 

After  passing  below  the  water-level  of  the  river,  the  inflow  of  water, 
which  seems  to  make  its  way  through  passages  in  the  rock,  was  very 
great.  Steam-pumps  were  used,  but  only  small  pumps  could  be  accom- 
modated because  of  the  small  spaces  among  the  sheathing  timbers  and 
the  necessity  for  shifting  and  lowering  them,  and  refitting  i)ii)es  fre- 
quently. 

The  sand  pumped  through  them  cut  the  cylinders  and  destroyed  the 
packing  so  quickly  that  the  latter  required  renewing  generally  every 
day.  From  one  to  three  small  steam-pumps  were  employed,  ami  one  or 
two  kei)t  at  work  constantly,  discharging  generally  about  180  gallons 
per  minute. 

The  men  that  were  digging  had  generally  to  stand  in  from  one  to  two 
feet  of  water.  The  materials  were  hoisted  out  by  steam-power.  Good 
sound  rock  foundation  was  finally  obtained. 

The  masonry  put  in  is  pai'tially  shown  in  Figures  2  and  3.  It  wa«, 
generally,  alternate  layers  of  concrete  and  good  Joliet  rubble-stone  ma- 
sonry, tied  together  in  places  with  large  footing  stones.  The  masonry 
was  further  supported  in  places  by  arches  butting  into  solid  rock  at  the 
sides. 

Seven  weeks  were  consumed  in  excavating  and  filling  this  ptx^ket, 
and  402  cubic  yards  of  masonry  were  used.  The  pumps  were  used 
while  putting  in  the  masonry,  yet  much  of  the  concrete  had  to  be  laid 
in  w^atcr.  Gangs  of  men  w^ere  employed  at  night  and  out  of  working 
hours  a  portion  of  the  time.  Much  credit  is  due  to  Mr.  W.  A.  P.  Totten, 
foreman  of  laborers,  who  had  charge  of  the  excavation  and  sheathing, 
and  to  Mr.  Robert  McFarlane,  who  put  in  the  masonry,  for  the  ability, 
good  sense,  and  devotion  to  the  work  displayed  by  them. 

A  total  of  4,647  cubic  yards  of  masonry  was  put  into  the  foundations 
of  this  shop,  and  about  one-third  of  the  foundations  and  all  the  piers 
have  yet  to  be  put  in. 

The  other  work  done  on  this  building  has  been  the  purchase  of  about 
one-half  the  stone  required  for  the  basement  story.  This  stone  has  been 
cut  and  about  one-half  of  it  set  in  the  walls  of  the  west  wing.  A  con- 
tract for  the  stone  was  made  with  Mr.  Edwin  Walker,  of  t^mont,  111. 
The  stone  in  Mr.  Walker's  quarries  is  precisely  the  same  oh  the  Johet 
stone  used  in  the  other  shops.  Mr.  Walker's  shipments  of  stone  were 
very  dilatory  and  unsatisfactory  till  in  May,  1879,  when  he  commenced 
procuring  his  stone  from  Messrs.  Sanger  &  Moody's  quarrie^s,  at  Joliet, 
111.  The  latter  parties  have  shipped  the  stone  promptly,  of  excellent 
quality,  and  in  quantities  as  required.  The  Chief  of  Ordnance  hiis  now, 
by  authority  of  the  Secretary  of  War,  directed  that  Mr.  Walker's  ecu- 
tract  be  annulled,  and  that  a  new  contract  be  made  for  the  ensuing  year 
with  Messrs.  Sanger  &  Moody. 

MACHINEET  AND  SHOP  FIXTURES. 

The  principal  work  done  under  this  head  during  the  year  has  been— 
1st.  The  completion  of  the  machinery  and  tixtiu-es  in  shoj)  F  (the 

armory  rolling-mill),  as  per  special  authority  of  the  Chief  of  Onlnance, 

dated  February  25,  1878. 
2d.  The  completion  and  erection  of  the  experimental  and  teinporan' 

line  of  wire-roi>e  transmission  of  i)ower  to  a  portion  of  the  arsenal  shops, 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         205 

for  use  pending  the  constniction  of  the  rest  of  the  shopSy  and  the  com- 
pletion and  putting  in  of  water-wheels,  pen-stocks,  and  maehiuery  at 
the  water-power  dam.  , 

3d.  The  main  lines  of  shafting  for  the  first  and  second  stories  of  shop 
A,  have  been  manufactured  and  put  up — four  lines  of  300  feet  each. 

Most  of  the  machinery  and  fixtures  for  the  rolling-mill  had  been  pur-, 
chased  and  manufactured  during  the  preceding  year,  but  as  very  little 
of  it  had  been  put  in,  no  report  upon  the  same  was  made  in  my  last 
annual  rei)ort.  These  fixtures  and  their  machinery  are  shown  on  Plate 
III,  transmitted  herewith.* 

The  boilers  are  divided  into  two  batteries  of  two  boilers  each,  and 
the  details  of  the  plant  are  shown  on  Plates  V,  VI,  VII,  IX. 

The  boiler  fronts  and  all  the  fittings  and  fixtures  were  manufactured 
in  the  arsenal  shops.  The  four  boilers  are  each  18  feet  long  and  44 
inches  interior  diameter,  with  22  4-inch  diameter  tubes.  They  are  made 
of  J-inch  U.  S.  iron.  The  iron  was  manufactured  in  Pittsburgh,  Pa., 
but  was  purchased,  inspected,  and  tested,  and  the  boilers  made  here. 
They  are  calculated  to  have  sufficient  steam  capacity,  at  80  j)ounds  press- 
ure, to  furnish  steam  for  250  horses  power,  in  first-class  engines,  cutting 
oft"  at  ^  stroke,  and  the  plant  and  all  its  fittings  are  the  very  best  that 
could  be  built.  The  engine  is  a  single  horizontal  non-condensing  engine, 
with  the  Bartlett  automatic  cut-oft*,  made  by  the  Putnam  Machine 
Company,  at  Fitchburg,  Mass.,  and  has  200  horses  power,  with  80  pounds 
pressure,  cutting  off  at  ^  stroke.    (See  Plate  IV.) 

The  countershaft  c,  on  Plates  III  and  IV,  is  a  i)art  of  the  main  line  of 
armorj^  shafting,  which  is  to  be  driven  eventually  by  the  water-power. 
(See  main  line  M'  W  on  Plate  I,  accompanying  my  special  report,  on  ma- 
chinery for  water-power  and  transmission,  sent  to  the  Chief  of  Ordnance 
April  8,  1874.)  This  arrangement  is  to  permit  the  use  of  the  engine  to 
aid  the  water-power  or  to  permit  the  use  of  the  engine  to  nin  any  of  the 
armory  shops  alone  when  the  water-power  may  not  be  in  use.  The 
engine  should  furnish  alone  sufficient  power  for  the  manufticture  of  about 
500  muskets  per  day. 

The  train  of  rolls  is  a  14-inch,  two  high  train  adapted  to  the  man- 
ufacture of  ordinary  forms  of  bar-iron  required  for  ordnance  purposes 
from  the  wrought  scrap  that  may  accumulate  at  the  arsenal  from  time 
to  time. 

The  furnace  (marked  /on  Plate  III)  is  of  special  pattern,  and  is  ar- 
ranged to  bum  its  smoke.    It  is  driven  by  a  fan  located  at  g. 

The  5,000  pounds  steam-hammer,  located  at  /t,  is  adapted  for  "  shing- 
ling," and  making  hammered  blooms,  in  connection  with  the  mill,  for 
the  manufacture  of  special  high  grades  of  iron,  from  scrap,  for  ordnance 
purposes.  It  is  also  adapted,  in  connection  with  the  furnace,  to  the 
manufacture  of  any  heavy  forgings  that  the  probable  future  wants  of 
the  government  may  ever  require  at  this  place,  and  especially  to  the 
manufacture  from  scrap  of  the  large  quantities  of  heavy  and  expensive 
shafting  required  for  the  shops  and  transmission  of  power,  some  of  which 
are.  9  inches  diameter. 

The  shear  is  marked  Jc  on  Plate  III.  It  is  a  second-hand  alligator 
shear,  procured  at  about  the  price  of  old  scrap,  and  is  specially  adapted 
to  cutting  up  scrap  and  bar  for  piling  for  the  mill,  but  has  sufficient  iwwer 
for  cutting  gun-canlage  axles  and  any  heavy  job  work  that  futiu'e  oper- 
ations of  the  arsenal  may  require. 

The  saw,  marked  m,  on  Plate  III,  is  for  cutting  large  bar  hot.  It  was 
made  at  the  arsenal. 

The  mill  has  been  run  about  four  weeks,  during  which  time  6,000  feet 
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of  T  rail,  25  pounds  per  yard,  were  made  from  miscellaneous  scrap  for 
immediate  use  for  derrick  and  tram-tracks  in  the  construction  of  the 
shops,  and  is  adapted  for  pernmnent  tram-tracks  required  in  and  alK)ut 
the  shops  in  the  ftiture ;  11,0(M)  pounds  of  ordinary  round  bar,  requiwl 
for  general  use  in  connection  with  building  operations,  and  12,000  pounds 
of  round  bar,  miscellaneous  sizes,  of  a  high*  grade  of  hammered  bloom- 
iron  from  selected  gun-carriage  and  old  horseshoe  scrap,  for  the  roof 
frame  of  shop  G.  The  tests  of  this  latter  iron  were  very  satisfactory, 
and  show  a  better  quality  for  the  puq^ose  required  than  any  the  govern- 
ment has  been  able  to  purchase  for  the  same  purpose.  The  results  of 
the  tests  for  permanent  set  and  elasticity  of  one  average  bar  are  given 
below  : 


Sample  No.  4. 
From  horseshoe-hJoom.,  hammered^  cooled,  reheated^  and  rolled  direct  to  l-inch  round. 


[Tested  for  permanent  Hct,  oxtonsions,  and  restorationft.    Diameter  of  sample,  0.798  inch. 

Keadinxbt 

fore  Htrain,  0.0211  inch.    L('n;2;th  botvroen  Hliouldcrs,  lU  inches. 

Area,  0.498  inch.] 
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square  inch. 
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Complete . . . 
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14,000 
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10,000 
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, 
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0.  00142 

0.  00127 

33,000 

0. 001)15 

17,  000 

0.  0353 

0.  0226 

0.  00147 

0. 00132 

34.000 

0.  tviois 

17,500 

0. 0363 

0.  0227 

0. 00152 

0.  00136 

Z!>,  000 

0.00016 

18,000 

0.0405 

0.  0285 

0.  00194 

0.  00120 

*36, 000 

0,  0»K»74 

19,000 

0.140 

0.128 

0.  OllfiO 

0.  00120 

38,0(K} 

0.  01069 

20,  000 

0.288 

0.2.'>6 

0.02669 

0.  00320 

40,000 

0.02349 

21,000 

0.368 

0.350 

0.  03469 

0.  00130 

42,000 

0.  03333 

26,  800 

0. 1875 

53,600 

0. 187.TO 

*Broke.    Diameter  of  fracture,  0.73  inch. 

Notes. — The  readings  show  that  the  restoration  was  not  quite  per 
feet  between  23,0()0  pounds  and  3G,000  pounds  per  square  inch.  I  find 
it  not  possible  to  avoid  slight  errors  in  using  the  gauge,  and  the  princi- 
X)al  source  of  error  is  a  slight  abrasion  of  the  iron  of  the  sample  by  re- 
peat43d  rubbing  pressures  of  the  steel  gauge.  This  is  so  slight  as  to  be 
an  unimportant  error  in  the  extensions,  but  may  be  sufficient  tt>  show 
an  imperfect  restoration  and  a  slight  permanent  set,  when  the  restora 
tion  was  perfe<5t  and  no  permanent  set  occurred. 

In  this  case  stretch  indicated  at  23,000  pounds  was  only  Tonfooo  ^^  ^^^ 
inch  in  one  inch  of  length,  and  at  36,000  had  only  increased  to  xff  Jutt^i- 
Even  if  this  or  a  jwrtion  of  it  is  not  due  to  the  abrasion  mentioned, 
the  stretch  is  so  slight  as  to  show  that  no  injury  was  done  to  the  iron 
until  appreciable  permanent  set  occurred  at  3(>,()()0  pounds,  and  shows 
an  iron  of  very  remarkable  elasticity. 

The  record  also  shows  a  remarkable  uniformity  in  the  increase  of  the 
extensions  and  restorations  as  the  load  was  increased.    From  7,000  to 
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11,000  pounds  (on  the  sample)  the  increase  of  extension  is  exactly  rihro-o 
for  every  increase  of  1,000  pounds  of  load.  From  11,000  to  15,000 
pounds  it  is  exactly  T¥ff oo  ^or  every  increase  of  500 pounds.  After  that 
the  increase  is  less,  but  perfectly  regular,  till  the  sample  began  to  stretch 
and  give  way  at  18,000  pounds  (about  30,000  pounds  per  square  inch). 
The  restorations  and  slight  indicated  stretch  are  quite  as  uniform. 

A  sample  from  this  same  bar  was  heated  by  a  smith,  bent  back  on 
itself  and  welded,  then  chilled  suddenly  in  cold  water,  and  the  welded 
bar  1  inch  square  was  then  bent  double,  cold,  and  hammered  flat  without 
tracking. 

The  water-wheels  and  water-power  machinery  put  in  and  the  tem- 
porary line  of  wire-rope  transmission  put  up,  were  made  exactly  in 
a<;cordanoe  with  the  plans  and  drawings  sent  to  the  Chief  of  Ordnance 
Ai)ril  8, 1874,  with  the  special  report  on  machinery  for  the  water-power 
and  transmission.  As  the  experience  gained  in  the  use  of  this  line 
should  be  included  in  a  revision  of  the  above  report,  to  be  made  here- 
after, no  report  of  it  is  made  here. 

Four  water-wheels  with  all  the  necessary  appointments,  pen-stocks, 
houses,  and  machinery  were  put  in,  and  the  water-wheels  and  machinery 
and  the  whole  line  of  transmission  were  manufactured  in  the  arsenal 
shops. 

The  four  wheels  furnish  about  250  horses  power.  The  work  was  com- 
pleted and  the  line  of  transmission  attached  to  arsenal  shops  0  and  E, 
February  1,  1879.  Since  that  date  the  shops  have  been  driven  contin- 
uously by  the  water-power,  except  during  one  week  in  April,  when  the 
wii'e  ropes  were  shortened  and  re-spliced  to  take  out  their  first  stretch. 

Both  the  water-power  and  the  transmission  have  been  satisfactory  in 
all  respects,  and  have  furnished  abundant  and  excellent  power. 

The  four  main  lines  of  shafting  put  in  shop  A  are  each  300  feet  long, 
and  are  all  cold-rolled  iron.  Two  of  these  are  in  the  first  story  and  are 
3  inches  in  diameter,  and  two  are  in  the  second  story  and  are  2J  inches 
ill  diameter.  These  were  finished  and  fitted  in  the  arsenal  shops,  and 
all  the  hangers,  boxes,  couplings,  and  other  fixtures  were  made  in  the 
arsenal  shops.  The  patterns  of  these  fixtures  are  the  same  as  those  in 
shop  C,  drawings  of  which  were  sent  to  the  Chief  of  Ordnance  with  my 
annual  report  for  the  fiscal  year  ending  June  30,  1874,  except  that  the 
boxes  have  been  altered  to  make  them  self-oiling,  and  arrangements 
added  to  remove  surplus  oil  and  gum  from  the  shaft,  and  carry  them  to 
the  oil-cistern.  The  patterns  of  all  these  fixtures  are  new  and  were  de- 
vised here. 

ROCK  ISLAND  BBIDGE. 

Beside  the  ordinary  repairs  of  the  bridge,  a  new  floor  for  the  wagon- 
road  has  been  put  on  the  bridge  during  the  year.  This  work  was  begun 
May  5  and  completed  June  4, 1879.  It  was  a  more  difficult  work  than 
wsvs  anticipated. 

Examinations  of  the  floor  timbers  made  two  years  ago,  when  the  esti- 
mate for  the  work  was  made,  showed  a  portion  of  the  timbers  to  be  in 
good  condition,  but  when  the  floor  was  torn  up  aU  were  found  to  have 
deteriorated  more  or  less,  and  although  one-half  of  them  might  have 
remained  serviceable  many  years,  the  cost  of  tearing  up  to  take  out  a 
timber  in  the  future  would  have  been  so  great  that  I  deemed  it  wise 
economy  to  take  them  all  out  and  put  in  new  timbers  throughout. 

The  sidewalks  were  also  renewed.  The  floors  of  these  are  now  laid 
with  3-inch  pine  plank.  The  floor  of  the  roadway  is  laid  with  4-incli 
white-oak  plank. 
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(B.) 
Record  of  stages  of  water  at  site  of  water-power — Coutiiiucd. 


1878. 


September. 


1... 
2... 

•J.  •  a 

4... 

5... 

6..< 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15.. 
16.. 
17.- 
18... 
19... 
20... 
21.. 
22.. 
23... 
24.. 
25.. 
26.. 
27.. 
28.. 
29... 
30... 
31... 


9.60 
9.50 
9.40 
9.30 
9.10 
9.00 
a  70 
&90 
9.00 
6.40 
a40 
9.10 

a  60 
a9o 

9.10 

a  70 

7.40 

a  00 

7.90 
7.60  I 
9.10  I 

aso 
a  20 

9.20 

aso 

9.10 
0.40 
9.00 
9.10 

a  55 


4.80-4-' 

4.804-, 

4.804. 

4.  80-+-, 

4.804-. 

4.80-- 

4.80-f 

4.8O4.I 

4.80--, 

4.804.' 

4.80.., 

4.80-- 

4. 80- J 

4.80-- 

4.  80-  -' 

4.80-- 

4.8O4-I 

4.  804-, 

4. 80-f ! 

4.80-f 

4.8O4-' 

4.80f; 

4.  80-1-1 

4.80-1- 1 

4.80-1- 
4.80-- 
4.80-- 
4.  SO-f' 
4.80-- 
4.  80-f 


i 

ce 

1 

P4 


6.30    ;     6.30 
a.  m.    I   a.  m. 


4.80 
4.70 
4.60 
4.50 
4.30 
4.20 
3.90 
4.10 
4.20 
3.60 
3.60 
3.30 
3.80 
4.10 
4.30 
3.90 
2.60 
3.20 
3.10 
2.80 
4.30 
4.00 
3.40 
4.40 
4.00 
4.30 
4.60 
4.20 
4.30 
3.75 


9.90 
9.70 
9.60 
9.50 
9.20 
9.15 
a  90 
9.00 
9.10 
a  60 
a  75 
0.30 

a  85 

(*) 


1.90 
1.90 
1.90 
!.&> 
I.a5 
1.85 
1.80 
1.75 
1.85 
1.80 
1.75 
1.60 
1.70 
1.60 
1.55 
1.75 
1.65 
1.50 
1.  45 
1.45 
1.80 
3.15 
2.80 

2.  m 

1.70 
1.85 
3.60 
2.85 
3.40 
3.40 


6.30 
a.ni. 


a  00 
7.80 
7.70 
7.65 
7.35 
7.30 
7.10 
7.25 
7.25 
6.80 
7.00 
7.70 
7.15 
(*) 


6.30 
a.  ID. 


9.50 
10.40 
10. 50 
10.50 
10.40 
10.60 
10.50 
10.46 
10.30 
10.30 
10.30 
10.30 
10. 

10.40 
10.60 
10.  50 
10.50 
10.60 
10.50 
10.40 
10.60 
10.60 
10.80 
10.90 
11.10 
11.30 
11. 

11.20 
10.70 
11. 
11.10 


6.30 
a.iii. 


4.  80-f-' 
4.  804-1 
4.  80-u' 
4.804-' 
4.80-- 
4.80- 
4.80-- 
4.80-- 
4.80--' 
4.80-- 
4.80-- 
4.80-- 
4.80^., 
4.80-- 
4.80-- 
4.80-- 
4.80-- 
4.  80-1-1 
4.80-}-' 
4.80— 
4.80  - 
4.80-- 
4.80--, 
4.  8O4-I 
4.80-}- 
4.80-- 
4.80-- 
4.  H0-- 
4.80— 
4.80-1- 
4.80-r 


6.30 
a.m. 


aso 

a.]u. 


4. 70  ,      (*)      , 

5.60  I 

5.70  , I 

5.70    

5.60  I I 

5.80    , 

5.70    1 

5.60  I I 

O.   •MJ        .a...... 

5.50    1 

6.50  , .•' 

6.50    ' 

5.20    

5.60    1 

5.  oO  ........  I 

5.70    

6.70    ! 

5.80  I I 

6.70    1 

5. 60    

5.80    ! 

5.80    1 

a  00  ; 

6. 10  , "I 

aso  

a5o  , 

a2o  , 

a  40  

5. 90    ... 

a2o 

a3o  


aao     aso 

a.  m.    ,  a-  ni. 


5. 70      <•) 

5.70    

6.70    

5.80    

5.50    

4.80    

4.10    

4-10    

4.10    

3.95    

3L»5    

4.         

3.95    

4.20    

4.20    

4.20    

5.  35    ....♦• 

5.60     

4.80    

5.00    

5.10    

5.20    

5.20    

5.20      

5.25    

5.30    

5.30    

5.30    

5.20    

5.40    


*  No  reodiziKS  could  be  taken  at  '*  Pool  at  Sylvan  water  dam '"  and  at  "  Head  of  watiir  at  tlie  Fiiited 
StitoHdam'  from  S<»ptemb(»r  14  to  October  31.  both  inclusive;  water  wa«  coffered  out  by  nuttiii"  in 
pen-stocks,  &.c.  "  ^         '* 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


211 


(B.) 
Iteoord  of  stages  of  tcater  at  site  of  watei'-pawer — Continned. 


1878. 


Xoyember. 


9 

5 


•s 

3 

a 

^ 

B 

^ 

'S 
>» 

6.30 

« 

a.in. 

P 

1.... 

11. 

2.... 

11. 

3.... 

10.90 

4.... 

10.70 

5.... 

10.60 

6.... 

10.40 

7.... 

10.30 

8... 

10.10 

9.... 

9.90 

10.... 

9L85 

11.... 

9.50 

12.... 

9.25 

13.... 

9.25 

14.... 

9.35 

15.... 

9.20 

16... 

a  70 

17.... 

9.65 

18.... 

9.25 

19.... 

9.60 

20.... 

10. 

21.... 

,     10. 10 

22.... 

10.00 

23... 

10.  10 

24.... 

10. 

25. . . . 

10. 

26.... 

9.  00 

27.... 

10. 

28  ... 

10. 

29.... 

9.  90 

30.... 

9.90 

31.... 

6.30 
a.m. 


4.80+ 

4.80+ 

4.80+ 

4. 80+, 

4.80+ 

4.80+ 

4.80  + 

4.80+ 

4.80+ 

4.80+ 

4.80+ 

4.80-1- 

4.80+^ 

4. 80+' 

4.80+ 

4.80+ 

4.80h 

4.80+ 

4.80+ 

5.10 

5.10 

4.80+ 

4.80+ 

4.80+ 

4.80+1 

4. 80+ ' 

4. 80+. 

4.80f 

4.80+ 

4.80+ 


6.30 
a.ni. 


6.20 
6l20 
6.10 
5.00 
&80 
5.60 
5.50 
5.30 
5.10 
5.05 
4.70 
4.45 
4.45 
4.55 
4.40 
3.00 
4.85 
4.45 
4.80 
4.90 
5.00 
5.20 
5.30 
5.2U 
5.20 
5.10 
5.20 
5.20 
5.10 
5.10 


1 


6.30 
a.in. 


(*) 


> 


6.30 
a.m. 


5.25 
5.05 
4.05 
4.90 
4.75 
4.75 
4.75 
4.65 
4.55 
4.50 
4.40 
4.25 
4.25 
4.15 
4.05 
4.00 
3.95 
3.95 
3.55 
2.50 
2.55 
2.55 
2.55 
2.45 
2.45 
2.75 
2.40 
2.25 
2.20 
2.20 


« 


II 


DecetDber. 


6.30 
a.]XL 


I 


(•) 


n 

.a 


6.30 
a.m. 


9.85 
9.70 
9.60 
9.70 
0.70 
9.00 
a  70 
0.50 
a50 

aso 

7.80 

a  50 
aso 
a50 
a4o 
a  40 
a  40 
a4o 
a2o 
a  25 
aso 
a4o 
a40 

11.60 
1L75 
11.65 
11.50 
11.40 
11.50 
11.10 
10.90 


9 

a 
"3 

eS 
H 


sal 


aso 

a.in. 


4.80+ 
4.80-- 
4.80-- 
4.80-- 
4.80-. 
4.80-- 
4.80-- 
4.80-- 
4.80- 
4.80-- 
4,80- 
4.80-- 
4.80+ 
4.804- 
4.804-i 
4.80-1-! 
4.80- 
4.80- 
4.8O4-; 
4.804-' 
4.80-- 
4.804-1 
4.80-h| 
4.90  i 
4.00  I 
4.90  I 
4.80+ 
4.80-- 
4.80- 
4.80" 
4.80-- 


1.60 
1.60 
1.40 
1.45 
1.50 
1.60 
1.60 
1.70 
6.85 
a  75 

a  70 
aoo 
a  70 
a  30 
a  10 


1^ 

I 

I  • 

do's 
1 


5 


9 
5 


aso 

a30 

a.m. 

a.m. 

a  05 

(*) 

4.90 

4.80 

4.90 

4.90 

•■^•••■* 

4.80 

•«••«•*• 

3.90 

4.70 

.  -- 

3.70 

1.70 

3.00 

1.70 

1.70 

1.70 

•«•••••• 

1.60 

1.60 

6.30 
iLm. 


J 

"si 


a3o 

a.  m. 


2.       I 

1.95  ! 

2.05 

2.00 

2.00 

1.05 

2.10 

1.95 

1.90 

1.85 

1.60 

1.65 

1.50 

1.45 

1.5U 

1.45 


(•) 


4.70 

4.95 

4.35 

4.10 

7.70 

11.70 

11.60 

11.60 

12. 

11.00 
11.00 
10.80 
10.70 


1.60 
2.45 
2.65 
2.70 

aoo 

a  70 
3.50 
3.60 
3.00 
3.00 
3.30 
3.30 
3.25 


a  10 
2.50 
1.70 
1.40 
4.10 

aoo 
a  10 
aoo 

9.40 
7.40 
7.70 
7.50 
7.45 


I 


*  No  readinffs  could  be  taken  at  "  Pool  at  Sylvan  water  dam  "  and  at  "  Head  of  water  at  tbc  United 
StateH  dam  "  from  November  1  to  December  18,  both  inclnsive ;  water  wan  ooffere<l  out  by  putting  in 
pen-atookfl,  Sec.  , 
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I*  0/  irafer-jTOwer — Continiiod. 


3878. 

J«.n.Tj-. 

Febnwry. 

1  " 

■s 

j 

1 

S 

1 

Hi 

Jj 

3 

!i 
II 

8.33 

3 

1 

1    p 
1     1'^ 

II 

I 

\ 

(.SO 

0.30        0.30 

0.30 

iS 

8,30        0.30 

8.30 

0.30     Ml 

|;; 

x'.'.'. 
u... 

ID... 
10... 

11.  M 

jl 

IILM 
10.60 
10.  M 

•.00 

II 

9.40 
8,»0 

G.M 
S,«l 
8.00 
0.00 

S.00 

0,00 

0.20 

0.25 

0.20 
4.80+ 

8.  OB 
8.00 

ik 

1.80  + 
0.1s 
8,00 
0.ZO 
fi.TO 
5.70 
5.80 

6,20 

5.80 
B.II1 
4.011 

siou 

S.05 

2.85 
3.00 

bIso 

K 

2.85 

also 

10.  so 

»■;; 

its 

mso 
10.00 

10  80 
9.30 

a'.so 

10,50 

8.80 
8.80 

a  2.'! 
3,20 

3,30 
3,2s 

3,!0 
3,20 

a20 

8.15 

3.00 
3.30 

8,2S 
3.20 
3: 00 

7:20 

7!  OS 
eioo 

^05 

7.00 

5.00 

0.00 

10.80 

ft  80 
ft  20 

10:40 
11.20 

«!«0 

11!  00 

11,35 

10.  H 
10.80 
11.40 

10:  SO 

S.M 

loioo 

B.70 
4.B0+ 

S.IO 

5.30 
5.40 
4.80+ 
5.40 

5.40 
540 
5.10 
0.20 

fix 

B.30 
B.20 
5.20 

S.20 

tr 

S.10 
4.00 
5.00 
0,20 

^70 

0.00 

4.40 
4.10 

0.40 
4.80 

5!  00 
e.«a 

G.80 

0.56 

6:40 

siw 

a.  00 
4,00 
a,  40 
8.00 

S.40 

e.40 

10.70 

loiio 

8.00 

8.45 
10.80 

10.80 

loiis 

ILOO 
1L30 

ioIm 
10:30 

10.40 
8.80 

Is 

3.1s  i« 

lis    ;.n 

ii 

2.80      (J 

aw    19 

i.ot    I," 

8  70  1      ft  70 

3.  in      0.60 

S.70 

"■» 

'■» 
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Btcord  of  tlagen  of  water  at  >ile  of  waler-poicer — Continued. 


1 

t 

1 

II 

1 
J_ 

11 

1 

9 

a 

1 

s 

II 

k 

il 

IJ 

j 

II 

II 

1 

II 

^ 

i 
1 

1 

A.80 

jjj 

1 

I 

III 

1 

1 

i 

S.80 

1.10 

130 

(.30 

&S0 

8.30 

&B0 

8,30 

0.30 

0.30 

8.30 

S 

*■"■ 

•.SI. 

».m. 

0.30 

TaT 

4.10 

10.  M 

3.00 

7.00 

0.28 

4,804 

6.40 

10.50 

2  70 

7.80 

9.30 

4. 80  4- 

4.90 

2.B0 

B.80 

4.80. 

6.30 

10  40 

2.80 

7.80 

B.40 

4.30 

2.80 

7.00 

a!2o 

5.40 

10.40 

2.70 

7.70 

4.S0+ 

B.K 

2.40 

0.20 

4!80 

10.50 

7.00 

9.90 

4.80. 

tw 

0.30 

650 

10  60 

7.90 

8.80 

2.00 

2.80 

3.70 

4!  60 

5.  BO 

10  60 

7.M 

0.80 

2.10 

in 

aw 

3.40 

•!40 

4.80. 

W.80 

2.70 

10.  TO 

4.80- 

11.00 

0.40 

4.30- 

5.00 

2.60 

7.»« 

s.80 

0.10 

B.0O 

0.45 

2.3U 

KOO 

0.S0 

3.60 

0,40 

6.00 

2.00 

7.(5 

loiw 

4.S0- 

aos 

7.  BO 

4.80. 

8.05 

i... 

10.  M 

4.80- 

o'.a) 

800 

8.20 

7,»0 

4.80- 

4.80 

3.40 

7.00 

iiiio 

4.80- 

5.30 

7^20 

o!«i 

7.6* 

6.00 

3.30 

7.80 

4.B0+ 

i.es 

4:oi 

7!  80 

0:70 

4.80- 

,»g 

S.30 

7.80 

7,30 

0.60 

6.80 

10.80 

8.20 

7.80 

o!so 

a.H 

7.00 

4.80- 

.70 

3.10 

7.60 

io!«fi 

4.  BO 

6,75 

o.»o 

7.30 

o:» 

4.60- 

.70 

0.70 

8.00 

7.70 

4.80- 

0.00 

8.20 

0,40 

4.80 

.80 

2^60 

7.»5 

3.00 

0,40 

4.30- 

.00 

0.70 

a8o 

7.00 

lti.20 

4.80- 

6,40 

o!40 

3.00 

t:4o 

oao 

4.80- 

.so 

0;50 

i70 

7,80 

3  .. 

4.80- 

^90 

o.eo 

2.70 

T.»0 

o.w 

7.75 

4.80- 

o.w 

3.00 

7.00 

020 

.40 

2.50 

8.00 

lt.M 

10.60 

2.80 

7.80 

010 

4.80- 

0.30 

2.60 

«  .. 

4.80- 

s.to 

2.70 

0.10 

4.  BO 

6.30 

0.40 

8:00 

1^70 

7!  80 

4.80- 

6.20 

2.25 

loiw 

1120 

0,"30 

2.40 

oioo 

4.80- 

6.20 

2.30 

4.80 

11.30 

0.30 

3.60 

0.00 

4.80 

0.35 

2.20 

8.15 

4.80- 

e.40 

£50 

10.  CO 

2.20 

8.10 

10. » 

*.»»+- 

S.40 

10.50 

2.M 

8.00 

1 
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(B.) 
Record  of  stages  of  water  at  site  of  water-power — Continued. 


1879. 


Mfty. 


s 

I 


1... 

2... 
3.. 
4.., 

5... 
6... 
7.., 
8.., 
9... 

10.. 

11... 

12.. 

13.., 

14... 

15.. 

16.. 

17.. 

18.. 

19.. 

20.. 

21.. 

22.. 

23.. 

24.. 

25.. 

26... 

27... 

28... 

29.. 

80... 

81... 


.a 
• 

I 


8.30 
».  m. 


9.90 
9.9P 
9.90 
10.00 
10.00 
10.05 
10.00 
10.10 
10.00 
9.90 
10.00 
9.90 
9.05 
10.00 
10.10 
10.10 
10.15 
10.30 
10.40 
10.70 
11. 10 
11.50 
11.90 
12.30 
12.75 
13.10 
13.45 
13.80 
14.00 
14.20 
14.90 


aso 

a.  m. 


4.8O4. 
4.80i 
4.80-- 
4.8O4. 
4.80-- 
4.80.. 
4.80-f 
4.80-1- 
4.804. 
4.80-1- 
4.80-- 
4.80- 
4.80-- 
4.80-- 
4.80-- 

4.80-f 

4.80-f 

4.80- 

4.80-f 

4.80-1- 

4.80-- 

4.80^- 

4.80-- 

4.95 

5.10 

5.70 

8.00 

6.40 

6.80 

7.00 

7.60 


6.30 
».  m. 


5.10 
5.10 
5.10 
5.20 
5.20 
5.25 
5.20 
&30 
6.20 
5.10 
6.20 
6.10 
5.15 
6.20 
5.30 
5.30 
6.35 
5.  56 
5.60 
6.90 
6.80 
6.70 
6.10 
7.35 
7.65 
7.40 
7.45 
7.40 
7.20 
7.20 
7.40 


I 


L 


6.30 
».  m. 


10.20 
10.40 
10.20 
10.40 
10.30 
10.40 
10.40 
10.30 
10.20 
10.20 
10.30 
10.25 
10.40 
10.30 
10.40 
10.50 
10.50 
10.70 
10.70 
10.90 
11.50 
11.00 
12.20 
12.60 
13.00 
13. 30 
13.70 
14.00 
14. 20 
14.50 
15.00 


§ 


6.80 
a.  m. 


2.10 
2.  lU 
2.05 
2.10 
2.30 
2.20 
2.15 
2.15 
2.20 
2.15 
2.10 
2.05 
2.00 
2.20 
2.20 
2.25 
2.30 
2.35 
2.50 
2.90 
3.80 
8.80 
4.10 
4.60 
5.10 
5.50 
6.00 
6.50 
6.90 
7.10 
7.70 


Jtwe. 


6.30 
a.  m. 


8.10 
8.30 
8.15 
8.30 
8.00 
8.20 
a25 
8.15 
8.00 
8.05 
8.20 
8.20 
8.40 
8.10 
8.20 
8.25 
a  20 
8.35 
8.20 
8.00 
8.30 
a  10 

a  10 
aoo 

7.90 
7.80 
7.70 
7.50 
7.30 
7.40 
7.30 


14.75 
14.70 
14.60 
14.50 
14.35 
14.10 
13.90 
13.70 
13.50 
13.40 
13.30 
13.20 

laoo 

12.70 
12.60 
12.60 
12.35 
12.20 
11.90 
11.75 
11.60 
11.55 
11.40 
11.20 
11.20 
11.05 
11.10 
11.30 
11.30 
11.30 


aso 

a.  m. 


7.70 
7.60 
7.60 
7.40 
7.30 
7.15 

aso 

a  50 

a  30 
a2o 
a  15 
a  10 
a  75 
a  55 
a  50 
aso 
a  10 

4.80 
4.50 
4.45 
4.20 
4.15 
4.00 
a  80 

a  75 
a  70 
aso 
a  70 
a  75 
a  80 


«  *i 


5- 


pq 


il^-S 


cc^ 


laio 

14.90 
14.80 
14.70 
14.60 
14.55 
14.15 
14.35 
13.80 

la^ 

13.60 
13.70 
13.40 
13.  00 
12.85 
12.80 
12.80 
12.60 
12.30 
12.00 
11.90 
11.80 

11.  as 

11.55 
11.50 
11.60 
11.55 
11.60 
11.50 
11.55 


^t 


^  r 


;.!" 


T.f 


J.* 


a8o 
a  75 
a  70 
a  80 
a  70 
a  75 
a80 
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APPENDIX  L. 

PROGRESS  REPORT  ON  THE  ARTESIAN  WELL  AT  BENICIA  ARSENAL 
DURING  THE  FISCAL  YEAR  ENDED  JUNE  30,  1879,  LIEUT.  COL.  J. 
MCALLISTER,  ORDNANCE  DEPARTMENT,  COMMANDING. 

CrENERAL:  I  have  the  honor  to  report  that  the  work  of  sinking  an 
artesian  well  at  this  arsenal  has  been  prosecuted  during  the  past  year 
as  far  as  practicable,  considering  the  appropriation  made  by  the  first 
session  of  the  Forty-fifth  Congress,  and  the  fact  that  no  appropriation 
was  made  for  this  undertaking  by  the  second  session  of  that  Oongress, 
nor  by  the  extra  session  of  the  new  Congress. 

The  present  report  is  the  sixth  on  this  subject,  and  the  date  of  the 
last  one,  August  14, 1877,  shows  that  two  years  have  elapsed  since  I 
wrote  you  in  reference  to  this  matter,  and  the  question  whether  the  peo- 
ple on  this  coast,  failing  to  secure  surface  water,  can  procure  by  boring, 
good  artesian  water,  is  still  unanswered.  This  is  a  matter  of  great 
moment  to  all  the  residents,  manufacturers,  rancheros,  and  even  to  the 
laud  si)eculators  and  financiers  who  reside  here  or  are  interested  in  the 
prosiierity  of  the  States  west  of  the  Kocky  Mountains.  No  person  on 
this  coast  has  yet  obtained  artesian  water,  nor  has  any  individual  or 
company  bored  to  the  depth  which  has  been  reached  by  the  well  at  this 
arsenal. 

An  estimate  of  $0,705  was  asked  for  in  July,  1876,  but  Congress  only 
appropriated  $5,000  for  continuing  this  work  during  the  fiscal  year  ending 
June  30, 1877.  The  above  estimate  was  based  on  the  experience  gained 
in  prosecuting  this  undertaking  during  former  years,  but  as  the  well 
deepened  the  expenses  to  be  incurred  increased  with  a  ratio  which  was 
not  fully  appreciated  at  the  time  the  estimate  was  made,  and  the  action 
of  Congress  in  decreasing  the  sum  estimated  for  by  the  amount  of  (1,705 
of  course  added  to  our  embarrassments.  The  work  was  discontinued  at 
the  end  of  April,  1877,  for  want  of  funds,  leaving  the  well  1,407  feet  deep. 
If  money  could  have  been  obtained  at  that  time  to  continue  boring,  the 
success  of  sinking  an  ai'tesian  well  at  this  post  deep  enough  to  obtain 
pure  water  would  most  probably  have  been  unfait  decompU. 

A  work  of  this  character  should  be  continuous,  if  it  is  to  be  con- 
ducted with  any  regard  to  economy,  especially  while  we  are  using  the 
same  diameter  of  pipe  to  line  the  walls  of  the  well.  The  time  employed 
at  the  well  should  constantly  be  increased  until  the  work  is  prosecuted 
day  and  night ;  for,  as  the  length  of  pipe  is  increased  the  danger  of  its 
becoming  immovable  in  the  well  is  also  increased,  and  it  is  only  by  keep- 
ing it  moving  that  this  can  be  avoided.  The  7-inch  pipe  as  it  is  forced 
into  the  well,  for  every  inch  of  depth  presents  a  surface  of  22  square 
inclien  to  adhere  to  the  walls  of  the  well,  and  the  friction  between  the 
outride  surface  of  the  pipe  and  the  walls  of  the  well,  increases  propor- 
tionally. While  work  is  continued  day  and  night  no  difficulty  in  mov- 
ing the  pipe  is  experienced  provided  the  well  wall  is  true,  but  when  a 
year  is  allowed  to  elapse  between  the  time  of  stopping  and  resuming 
work,  a  silicate  incrusts  the  outside  of  the  pipe  and  glues  it  to  the  walls 
of  the  well,  so  that  it  has  to  be  all  taken  up,  as  it  cannot  be  moved 
downwards,  and  to  effect  this  portions  of  it  hav^e  to  be  wrenched  from 
the  sides  of  the  well. 
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Ae  80  much  time  has  elapsed  since  my  last  report  was  rendered,  a 
summarj-  of  tlie  couditiou  in  which  the  well  was  left  when  work  ou  il 
was  (liscoiitiniied  iu  April,  1877,  will  not  be  out  of  place. 
The  weU  had  been  btired  to  a  depth  of  1,407  feet  1 0  inches,  and  a  drill 
had  been   left  at  the  bottom  broken  oft'  from  tie 
rod».    The  ll-inch  diameter  pipe  reached  to  a  depth 
of  200  feet  from  the  surface  of  the  ground,  the  It- 
inch  pipe  to  a  distance  of  557  feet,  the  8-ineh  pipf 
to  a  depth  of  059  feet,  and  the  7-inch  pipe  to  1,3T:' 
feet  0  inches,  or  to  within  5^1  feet  1  inch  of  the  bot- 
tom of  the  well  hole. 

The  supply  of  water  afforded  by  the  well  in  tbe 
condition  when  work  ceased  was  plentifiil ;  a  de*p 
well  pump  was  placed  in  the  well  200  feet  below  tbr 
^  surface  of  the  ground,  and  although  the  water  va^ 
pumped  out  for  sixty  hours,  yet  this  only  lowered 
the  water  slightly  and  tbe  supply  continued  abun- 
dant. This  water  came  from  two  sources — the  one  060  feet  from  the 
surface  where  the  8-inch  pii>e  terminates,  and  the  second  from  the  bot- 
tom of  the  well. 

It  was  determined  to  derive  some  benefit  from  this  water  and  to  mate 
arrangements  so  that  it  could  be  used  in  case  of  fire,  for  the  boiler  iu 
the  slioi)s,  and  for  irrigation.  The  best  method  of  eftecting  this  was  to 
pump  the  water  directly  from  the  well  into  the  reservoir,  trom  which  it 
could  be  distributed  to  all  parts  of  the  post.  In  this  case  the  height  , 
through  which  the  water  was  to  be  forced  might  be  300  feet,  as  follows: 
The  difference  of  level  between  well  and  reservoir  was  180  feet,  and  the 
water  might  be  lowered  in  well,  by  continuous  pumping  eight  hours  ;t 
day,  about  120  feet  from  the  surface.  To  pump  tbe  water  through  tbu< 
height  would  have  subjected  the  piston  of  pump  and  the  pipes  to  a  gre;it 
Htrain,  as  we  must  include  in  our  estimate  the  friction  of  tbe  water  on  the 
inner  surface  of  the  pil>e,  which  would  have  to  be  overcome,  as  well  as  the 
actual  weightof  water  to  be  raised.  It  was  decided  to  pump  this  watei 
into  another  well  which  furnished  us  with  about  1,500  gallons  of  hard, 
slaty  water  eveiy  day  during  the  dry  season,  and  from  thence  to  foa-e 
it  up  into  the  reservoir  on  the  hill  by  means  of  a  Knowles  steam-pump. 
The  analysis  of  the  water  obtained  from  the  well  resulted  as  foUotr^; 
After  standing  some  time  a  dark  precipitate  formed  from  a  wine-gallon 
of  the  water,  and,  hanng  been  filtered,  was  found  to  weigh  13.063  graius. 
It  was  composed  of  the  followuig :  Silica,  u.80O  grains;  organic  matler, 
4.374  grains,  and  oxide  of  iron,  2.799  grains. 

A  qualitative  analysis  showed  the  presence  of  the  following  sob- 
stances:  Soda,  iron,  organic  matter,  ammonia,  chlorine,  carbonic  aciil 
free  and  combined ;  also,  traces  of  sulphuric  and  boracic  acids.  The 
(juantity  of  carbonic  acid  free  and  combined  wa«  found  to  be  9.155 
grains  in  one  wine-gallon  of  water.  This  water  pro^'ed  to  be  alkaline 
and  impure  from  the  presence  of  organic  matter.  It  is  very  soft,  and 
free  from  lime  and  magnesia;  but  the  presence  of  organic  matter  reu- 
dered  the  water  unfit  for  food.  This  water  was  used,  mixed  with  the 
hard  water  of  the  small  well,  during  the  dry  season,  for  irrigation  anil 
for  the  animals.  It  did  not  seem  to  disagree  with  the  latter.  Some 
violets  which  were  irrigated  faded  and  died,  but  it  seemed  to  agree  with 
the  grasses  and  ti-ees. 

We  were  astonished  at  finding  organic  matter  iu  water  rising  from  a  , 
1,407-foot  level,  and  could  only  realize  that  this  analysis  was  correct  I 
when  we  remembered  that  coal  was  found  near  this  stream  of  water. 
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!Notice  was  received  at  this  arsenal  on  July  16, 1878,  that  another  ap- 
propriation had  been  made  for  prosecuting  work  on  the  artesian  well.  I 
made  a  complete  examination  immediately  of  all  the  tools  and  apparatus 
on  hand  for  this  work,  and  the  opinions  which  were  expressed  in  my 
last  report,  L  e.,  that  the  engine  and  boiler  could  not  perform  the  re- 
ciuired  work  any  longer,  was  verified.  It  was  also  resolved  to  remodel 
some  of  the  tools  and  to  duplicate  others.  The  necessity  for  doing  this 
last  was  explained  in  my  previous  report.  It  will  be  remembered  that 
in  pushing  down  the  pipe  during  the  year  1877  the  force  required  to 
eftect  it  was  proportional  to  the  ui)ward  spring  of  the  pipe  when  relieved 
from  the  pressure.  This  upward  spring  was  sometimes  as  great  as  4 
inches,  which  was  considered  a«  proving  that  a  pressure  of  over  20  tons 
had  been  used  before  the  pipe  commenced  descending  into  the  well. 
Such  a  force  was  very  injurious  to  the  rivets  which  held  the  pipe  to- 
gether, and  if  they  failed  to  sustain  it  the  pipe  would  certainly  telescope, 
and  its  interior  diameter  be  diminished  so  that  the  tools  could  not  pass 
freely  to  the  bottom  of  the  well.  This  fact  and  the  weight  of  the  sheet- 
iron  pipe  already  in  the  well,  which  was  15,000  pounds,  determined  us 
to  use  no  more  of  it,  but  on  top  of  this  double  sheet-iron  pipe  to  fasten 
heavy  wrought-iron  artesian- well  tubing.  This  we  ordered  from  Phila- 
delx)liia,  and  Lieutenant-Colonel  Whittemore.  who  commanded  at  Frank- 
ford  Arsenal,  had  the  kindness  to  inspect  it  lor  us.  This  inspection  had 
to  be  made  very  carefully,  as  the  tubing  must  be  perfect  as  regards 
straightness,  and  there  were  very  small  limits  to  be  allowed  in  regard  to 
the  interior  and  exterior  diameters. 

This  length  of  tubing,  700  feet,  would  enable  the  well  to  be  sunk  and 
piped  to  a  depth  of  2,072  feet,  which  was  considered  as  a  depth  sufficient 
to  demonstrate  the  success  or  failure  of  the  effort  to  obtain  a  flowing  well 
of  large  capacity.  It  will  be  remembered  that  a  flowing  well  of  some 
1,000  gallons  per  day  has  already  been  obtained  from  the  960-foot  level,- 
the  water  from  this  stream  rising  in  the  pipe  as  far  as  the  latter  reached 
above  the  ground,  t.  c,  two  feet,  and  flowing  over  its  edges. 

Of  course  in  all  the  deliberations  which  resulted  in  the  procurement  of 
new  machinery  and  the  fabrication  of  new  tools  an  appropriation  for  this 
work  by  Congress  for  the  succeeding  year  was  a  conspicuous  element. 
Representations  had  been  made  in  the  last  report  which  proved  conclu- 
sively tlie  great  loss  which  the  government  had  experienced  in  allowing 
this  work  to  be  discontinued  for  a  year,  and  on  the  principle  that ''  a  burnt 
child  dreads  the  fire,"  it  was  confidently  expected  that  money  would  be 
appropriated  for  this  work,  and  all  the  improvements  in  machinery  and 
tools  were  made  on  that  supposition. 

Tlie  new  boiler  was  20  feet  long,  42  inches  diameter,  with  two  flues, 
each  16  inches  diameter ;  steam-drum  48  inches  long,  30  inches  diame- 
ter, with  mud-drum  and  safety-valve.  The  engine  employed  was  the 
portable  one  which  had  been  on  hand  for  some  years  at  this  arsenal,  and 
was  cai)able  of  developing  twelve  horse-power. 

A  new  steam-cylinder  for  working  the  end  of  the  lever  opi)osite  the 
one  to  which  the  boring-rods  were  attached  had  to  be  made  and  fitted ; 
it  was  a  single-action  cylinder,  the  feed  automatic,  9  inches  interior  di- 
ameter and  4  feet  high.  Four  new  drills  were  made,  and  the  form  of 
these  was  improved.  It  had  been  observed  that  in  all  cases  in  which 
the  drills  were  broken  in  the  well  tlie  line  of  fracture  or  weakness  was 
exaetly  where  the  sci^ew  joined  the  drill,  or  where  the  coupling  of  the 
side  cutter-tool  seemed  to  rest  on  the  drill  when  they  were  screwed  to- 
gether. 


218 


BEPOET  OF  THE  CHIEF  OF  ORDNANCE. 


A 


U 


The  new  drills  were  made  with  cones  between  the  screw  and  body  of 
drill,  which  fit  into  inverted  cones  in  the  couplings  on  the  tools  above. 

The  side  straius  are  borne  partially  by  these  cones  and 
not  entirely,  as  heretofore,  by  the  male  and  female  screws 
of  these  tools. 

Two  side-cutter  tools  were  fabricated  of  a  new  device 
which  rendered  them  more  serviceable.  This  tool  consists 
of  a  frame  of  wrought  iron  to  hold  two  side-cutters,  one  on 
each  side,  and  is  screwed  on  to  the  rods  above  the  dhll. 
The  side-cutters  are  made  of  steel ;  they  revolve  around 
a  pin  in  the  center  of  the  tool,  and  have  serrated  cutting 
surfaces.  The  frame  for  this  tool  is  of  wrought  iron,  2  inches  thick;  the 
cross-section  is  that  of  a  cross ;  the  side-cutters  work  between  two  steel 
circular  plates,  to  which  they  are  fastened  by  a  steel  pin  which  passes 

through  the  centers  of  these  plates  and  through  the  holes 
in  the  shanks  of  the  side-cutters.  Around  the  pin,  the 
latter  move  through  an  arc  of  45^,  so  that  they  can  be 
kept  closed  when  passing  down  the  pipe,  and,  also,  that 
they  will  close  themselves  in  passing  up  the  pipe  by 
being  pulled  up  through  it.  There  are  two  slots  in  each 
plate  which,  when  the  tool  is  assembled,  are  directly  oijpo- 
site  similar  slots  in  the  other  plate ;  these  slots  would  be 
portions  of  the  same  ring,  if  it  was  cut  around  the  plate. 
A  steel  pin  passes  through  each  slot  in  the  plate  through 
a  hole  in  one  of  the  side-cutters  near  its  head,  and  out 
through  the  slot  in  the  opposite  plate.  This  pin  projects 
beyond  both  plates,  and  has  a  screw-thread  on  one  ex- 
tremity, with  a  nut  to  fit  the  screw.  These  side-cutters 
are  kept  open  by  a  si>iral  spring  which  works  up  and 
down  around  an  iron  bar  belonging  to  a  tool  just  above 

AM  side-cutter  frame.  This  spring  works  between  a  fixed 
^  collar  at  the  bottom  of  the  bar  and  a  sliding  collar  above 
/  \  it.  To  the  latter  are  attached  two  arms  and  from  th<^m 
hang  two  forked  rods,  one  on  each  side ;  the  prongs  of 
these  forks  have  round  holes  through  their  extremities, 
and  they  pass  down,  one  on  the  outside  of  one  circular 
plate,  and  the  other  on  the  outside  of  the  other  circular 
plate.  The  pins  last  mentioned,  after  passing  through 
the  holes  in  side-cutters  and  the  slots  in  circular  x)lates, 
pass  tlirough  the  holes  in  the  prongs  of  the  forks ;  and 
the  whole  system  is  held  together  by  the  nuts  screwed 
on  to  the  end  of  the  pins.  When  the  side-cutters  are  open 
TT  to  the  full  extent,  the  backs  of  each  of  them  rest  upon  a 
^^  shoulder  between  the  two  circular  plates ;  so  that  there 
is  no  yielding  upward  as  the  tool  falls  to  the  bottom  of 
3  I '  '  1  the  well  in  boring.  To  use  this  tool,  we  take  hold  of  the 
forked  rods  and  pull  them  down  against  the  spring  until 
the  heads  of  the  sidcTCutters  ai-e  as  low  as  they  can  be  got,  then  place 
wooden  pegs  between  side-cutters  and  shoulders;  these  will  hold  the 
former  in  place  until  the  tool  is  lowered  through  the  pipe.  When  boring 
is  commenced,  the  first  or  second  stroke  will  loosen  the  pins,  which  will 
then  float  to  the  toi)  of  the  water  in  the  well,  and  prove  to  the  workman 
that  the  side-cutters  are  working.  As  soon  as  the  pins  escape,  the 
spring  will  cause  the  side  cutters  to  open  back  and  upwards  until  they 
rest  against  the  shoulders;  tlien  they  will  commence  to  do  their  work. 
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Ttvo  free-falling  toold  hail  to  be  repaired;  tbey  work  autuiuatically, 
and  were  fully  described  in  my  report  dated  July  19,  1873. 

It  w^  fuimd  iieuessary  to  make  a  uev  pump  of  heavier  material  than 
the  last,  hut  no  change  was  made  in  its  conBtruction. 

The  old  pipe  had  to  be  reinttveil  from  the  well,  and,  as  it  could  not  be 
stirred  in  its  present  state,  it  was  necessary  to  cnt  it  into  sectionaj  in 
order  to  effect  this  we  prepared  a  tool  which  would  cut  through  the  sides 
of  the  pipe  at  any  distnocfi  from  the  top  of  it. 

We  took  the  tool  described  in  my  last  report,  which  was  made  for  re- 
moving broken  wooden  poles  from  the  well,  and  adapted  it  to  this  work 
by  removing  the  pawls  from  the  hollow  iron  cylinder.    A  steel  bar  1|" 
by  Ij"  was  placed  across  the  above-mentioned  cylinder,  work- 
ing horizontally  in  two  rectangular  slots ;  its  center  was  pierced 
by  a  hole,  through  which  a  steel  pin  was  passed,  which  pro- 
jected on  each  side  of  the  bar;  against  these  projections  the 
prongs  of  a  steel  forked-shaped  spring  impinged  and  i)reKsed 
the  bar  always  in  the  direction  of  the  end  in  which  tlie  cutter 
wiK  fastened.    The  cutter  was  rounded  and  had  serrated  edges, 
and  was  fastened  on  the  bar,  which  ha<l  a  sliding  motion.    The 
extent  of  this  horizontal  movement  was  controlled  by  two  pins 
pa8:«ing  through  sides  of  cylinder  and  through  longitudinal  slots 
in  bar }  the  latter  were  one  inch  long.    To  use  this  tool  we  press     „  , 
in  the  cutter  while  iiisertuig  the  tool  in  the  pii»e,  and  as  the    [    | 
latter  is  lowered  the  point  of  the  cutter  will  make  a  mark  down  /    \ 
the  inside  of  the  piiw,  but  one  which  will  not  injure  it.    WHien 
the  tool  has  reached  the  place  at  which  the  iiijw  is  to  be  cut 
through  we  commence  to  turn  it  around,  and,  as  the  outer  line 
of  the  teeth  of  the  cutter  is  a  circle,  the  deeper  the  incision  in  IX  z 
the  pijie  the  greater  number  of  teeth  will  come  in  contact  with 
the  substance  of  the  pi[>e.     If  the  first  attempt  is  unsuccessful 
and  the  cutter  is  dulleil  before  the  pipe  is  cut  through,  com-    ^^^ 
Itelling  us  to  withdraw  the  tool  in  order  to  sharpen  the  cutter,    III111|D 
it  is  found  very  difticult  to  resume  the  work  at  the  same  ]ilace,     '— ' 
owing  to  the  expansion  of  the  system  of  rods  due  to  the  length  .susitended 
and  the  increased  temperature  at  great  de^iths.     This  ditBculty  was 
overcome  by  plaeing  an  iron  plate  8  inches  diameter  on 
the  system  of  rods,  with  a  hole  in  it  so  that  the  roils  might 
turn  freely,  the  upward  movement  of  the  plate  l>eing  con- 
trolleil  by  a  suiall  collar  fastened  to  the  rods  by  a  set-screw, 
the  bottom  of  this  plate  to  be  at  a  distance  above  tlie  cut- 
ter which  should  be  equal  to  the  length  of  pipe  we  wish  to 
remove  at  any  one  time.    Then,  om  Ute  cutter  reaches  its 
position,  the  plate  wUl  catth  on  to|iof  the  7-inch  pipe  and 
the  small  collar  wiJl  hold  the  nxls,  so  that  the  cutter  can 
only  have  a  horizontal  motion  around  the  axis  of  the  nxls. . 
It  can  be  readilf  Hcen  that  by  keeping  this  plate  and  collar 
on  the  rods  that  the  same  place  in  the  pipe  will  be  reached 
each  time  that  it  is  lowered  after  shaqieuing  the  cutter. 
After  the  pipe  was  cut  through  it  was  found  impossible  to 
raise  the  tool  until  the  cutter  was  broken  oH',  but  there  was 
no  difficulty  in  doing  this,  y] — r^^ 

The  next  tool  rabriciited  was  one  to  rivet  together  sec-      A       A  _ 
tions  of  pipe  ;tO  iiTt  long,  it  being  anticipateil  that  we      I  / 

woidd  insert  this  7-int^h  jnpe  into  the  well  after  it  had  been       ^1 — l^ 
repaired,  in  lengths  of  30  feet  at  least,  until  it  reached  below  the  8-inch 
pipe.    This  tool  is  comi>osed  of  two  cast-iron  solid  segments  of  cylin- 
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ders  afctaclied  to  the  lower  extremities  of  two  rods  with  a  wedge,  which 
has  a  vertical  motion,  suspended  between  them,  the  edge  of  the  latter 
being  upward.  The  outer  surfaces  of  the  two  segments  and  the  ends 
of  the  w^edge,  when  it  is  pulled  up,  form  a  solid  cylinder  the  diameter 
of  which  varies  with  the  height  of  the  wedge.  The  vnodtis  operandi  is  to 
lower  the  pipe  into  the  well  and  then  to  hoist  a  30-foot  section  up  into 
the  well- tower;  the  bottom  of  the  latter  is  then  driven  int-o  the  top  of 
the  former  by  blows  on  top  of  the  new  section  of  pipe.  The  holes  for 
the  rivets  were  then  drilled  through  both  pipes  and  soft  screws  inseited ; 
the  riveting  tool  is  then  lowered  so  that  the  segments  of  the  cylinders 
cover  the  joint  of  the  i)ipes  which  are  to  be  fastened  together;  the 
wedge  is  then  raised  by  turning  the  nut  on  the  top  of  the  vertical  screw 
which  holds  it  in  suspension.  Eaising  the  wedge  presses  the  segmentn 
against  the  inside  of  the  pipe  and  rivets ;  then  the  latter  are  hammered 
from  the  outside,  and  the  nut  being  reversed  the  screw  and  wedge 
attached  to  it  are  lowered,  the  segments  approach  each  other  and  the 
pipe  descends  into  the  well.  As  soon  as  the  pipe  is  let  down  into  the 
well  sufficiently  the  riveting  tool  is  raised  out  of  it. 

We  found  that  the  operation  of  withdrawing  portions  of  pipe  firora 
the  well-bore  required  a  power  far  exceeding  the  strength  of  our  engine 
and  steel-wire  rope.  The  power  exerted  to  do  this  amounted  in  some 
instances  to  more  than  30  tons.  In  order  to  apply  the  hydraulic  pumps 
to  the  rods  we  made  a  system  of  clamps  and  wedges,  and,  after  secur- 
ing a  good  hold  on  the  rods  with  these,  we  placed  the  hydraulic  pumps 
under  the  edges  of  the  former.    The  clamp  consists  of  four  steel  plates,  the 

smaller  ones  were  plac^  between 
the  two  larger,  and  each  was 
pierced  with  a  1-inch  hole.  The 
plates  were  assembled  around 
the  rods  and  were  held  in  position 
by  two  bolts.  Two  steel  wedges 
were  driven  in  on  each  side  of 
the  rods  between  them  and  the 
edges  of  the  smaller  steel  plates, 
then  the  pumps  were  applied  to 
the  bottom  edges  of  the  larger 
plates,  one  on  each  side,  and  the 
greater  the  pressure  employed 
the  more  finnly  did  the  wedges 
grasp  the  rods.  In  extricating 
tools  which  had  become  fast  in 
the  well,  in  some  instances  two  of 
-_ll  ^5^  these  clamps  were  used,  one  above 

v^Wy/yj  ^^®  ^*^^^^'  ^"^  ^*  "^'^^  angles  to 

Y//////////A each  other,  so  that  four  pumps 

•    could    be   employed  simultane- 
ously. 

Besides  manufacturing  tools, 
some  w^ork  had  to  be  performe<l 
on  well  tower  and  machinery;  all 
of  the  latter,  save  lever  and  the 
steam-cylinder  which  worked  it, 
were  removed  to  the  south  of  the  well,  so  that  the  machinery  should  no 
longer  feel  the  constant  jar  created  by  the  lev^er  in  boring.  The  system 
of  rods,  weighing  over  6,000  pounds,  alternately  raised  and  lowered  20 
inches,  and  this  twenty-five  times  per  minute,  caused  a  consider  ab 
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which,  was  communicated  to  the  frame  of  the  lever,  and  by  it  to  the  floor 
timbers  and  to  all  the  machinery  supported  by  them.  This  tremor, 
which  was  felt  by  everything  on  the  same  foundation  as  lever,  proved 
injurious  to  pipe  and  rod  connections,  &c.,  therefore  a  shed-room  wa« 
built  on  south  side  of  well  on  a  separate  foundation  from  that  on  which 
old  machinery  stood,  large  enough  for  steam-engine,  boiler,  hoisting- 
machine,  reel  for  pump-rope,  &c.  The  shaking,  which  is  unavoidable  in 
working  the  lever  with  its  rods  and  weight,  is  not  felt  in  this  new  room. 
Again,  we  had  been  very  much  cramped  for  room  during  the  last  year 
that  we  had  worked.  Fifty  rods  and  many  tools  were  suspended  around 
the  w^ell-hole,  and  there  was  hardly  room  enough  to  work.  We  were  com- 
l>ellecl  after  using  certain  tools  and  employing  many  rods  to  place  theui 
outside  of  the  tower  until  they  were  wanted.  Carrying  30-foot  rods  out 
and  in  the  tower  occupied  much  time,  and  proved  very  inconvenient ; 
besides,  they  did  not  maintain  their  straightness  when  lying  on  the 
ground  or  skids  as  well  as  if  they  were  suspended.  It  was,  therefore, 
determined  to  raise  the  well-tower  another  story.  After  this  was  done 
a  new  rack  and  frame  was  made  and  placed  in  upper  part  of  tower. 
From  this  the  poles  and  tools  were  suspended, *and  there  was  abundant 
space  below  them  to  allow  the  men  to  work. 

The  flat  wire-rope,  sheave,  and     metal  boxes  of  hoisting  apparatus 
were  worn  out  aiul  had  all  to   be  replaced.     The  wire  immprope, 
already  weak  in  places,  was  considered  unserviceable,  notwithstanding 
great  care  had  been  taken  to  preserve  it  during  the  two  years  that 
it    was  allowed  to  be  idle.    Finally,  after  having  to  expend  most  of 
the  appropriation  on  tools  and  machinery,  the  work  itself  was  really 
commenced.    We  first  cleared  the  well  of  the  deep-well  pump  which 
had  been  used  to  raise  the  water  and  to  force  it  into  the  other  well 
as  described  above.    When  this  was  done  a  wooden  block  was  lowered 
to  feel  for  the  top  of  the  7-inch  pipe,  which  was  found  303  feet  below 
the  surface  of  the  ground.    A  cylinder  gauge  made  of  wood  was  low- 
ered 540  feet  to  ascertain  if  the  pipe  was  free  to  that  distance,  so  that 
arrangements  might  be  made  to  cut  off  200  feet  of  it.    As  every- 
thing was  clear,  the  cutting-tool  was  placed  in  well,  but  could  not  de- 
scend beyond  a  depth  of  330  feet.    It  had  entered  the  7-inch  pipe  27  feet, 
but  could  be  forced  down  no  further.    After  withdrawing  it  and  attempt- 
ing several  times  to  remove  the  obstruction  by  using  different  tools,  and 
our  efforts  proving  unsuccessful,  it  was  determinoxi  to  use  the  pipe-ex- 
tractor, which  was  described  on  page  50,  Report  of  the  Chief  of  Ordnance 
for  1876.     We  Anally  extricated  from  the  well  46  feet  8  inches  of  pipe. 
Tliis  was  accomplished  by  using  the  hydraulic  pumps  and  breaking  the 
rivets  which  held  it  together.    Our  next  attempt  was  to  cut  the  pipe  at 
a  distance  of  560  feet  from  the  top  of  it.    The  cutter  became  so  dull  that 
the  tool  had  to  be  raised  and  a  new  one  substituted  for  it  twice  before 
we  ett'ected  our  object.    The  pipe-extractor  when  employed  brought  up 
210  feet  of  pipe,  but  we  had  to  use  the  wooden  clamps  on  the  outside  of 
the  pipe  and  two  hydraulic  pumps  before  we  could  start  it  upward.    Sev- 
eral successful  efforts  were  then  made,  during  which  no  serious  accident 
occurred,  to  remove  sections  of  pipe,  and  080  feet  were  removed  from 
the  well.    If  one  tool  failed  us  we  tried  another.    In  some  instan<;es  the 
pipe  was  cut  through  in  two  trials,  but  it  generally  required  more.    The 
pipe-extractor  threatened  to  give  us  trouble,  for  the  wooden  block  belong- 
ing  to  it  would  swell  to  such  an  extent  by  the  absori)tion  of  water  that 
after  raising  the  pipe  from  the  well  it  was  found  necessary-  to  cut  away 
the  pipe  in  onler  to  extricate  it. 
After  accomplishing  the  above,  preparations  were  made  to  cut  the 
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pipe  through  940  feet  from  the  surface  of  the  ground,  or  19  feet  above 
the  bottom  of  the  8-iuch  pipe.    Several  cutters  were  brokeu  in  trying  tu 
accomplish  this ;  and  when  we  thought  it  was  done,  the  pipe-extrar^tor 
was  used,  and,  instead  of  bringing  up  940  feet,  it  only  extricated  22  feet 
of  pipe,  the  rivets  at  the  end  of  this  section  having  brokeu,  which 
accounted  for  the  pipe  yielding  at  this  particular  place.    Another  bold 
was  obtained  on  the  pipe,  but  nothing  was  a<icoinpli8hed,  and  we  de- 
sisted in  our  attempts  to  raise  this  long  section,  and  commence<l  to 
extract  shorter  lengths.    By  working  alternately  with  cutting-tool  and 
pipe-extractor,  and  after  many  failui*es,  we  found  that  we  had  removetl 
922  feet  8  inches  of  the  pipe ;  this  left  the  top  of  the  7-inch  pipe  26  feet 
5  inches  within  the  8-inch  pipe. 
We  were  now  approaching  difficulties  which  had  been  anticipattMl, 
but  which  could  not  be  avoided.    Our  ingenuity  failed  to  sug- 
gest any  adequate  precautions  to  be  taken  which  would  insure 
an  ea«y-bought  success.    As  soon  as  the  top  of  the  7-iuch  pipe 
no  longer  rested  within  the  8-inch  pipe,  the  walls  of  the  well-bore 
between  the  toj^of  one  pipe  and  bottom  of  the  other  would  be 
unsupported,  and  would  commence  to  cave.    The  strata,  com- 
posed as  it  was  of  shale,  slate,  and  rotten  sand-rock,  would  crum- 
ble down  into  well-hole  on  top  of  the  7-inch  pipe,  and  bury  it.     In 
order  to  try  to  avoid  such  a  catastrophe,  which  we  feared  would 
occur,  it  was  determined  to  make  a  desperate  effort  to  raise  the 
whole  of  the  pipe  remaining  in  the  well,  450  feet,  at  one  trial.    A 
hold  on  this  pii)e  was  obtained  near  the  bottom  of  it,  and  we  used 
the  hydraulic  pumx)s,  but  the  pipe  was  a  fixture  in  the  well;  that 
is,  the  above  means,  which  were  all  that  we  had  on  hand,  pro  veil 
inadequate  to  move  it.'    The  pressui*e  of  the  pumps  was  applied 
with  judgment,  being  increavsed  very  gradually  until  the  iron  rods 
broke  at  a  distance  of  95G  feet  from  the  floor  of  the  well-tower. 
This  distance  was  a  few  feet  less  than  the  length  of  the  8-ineh 
pipe,  therefore  the  top  of  the  broken  system  of  rods  was  within 
the  8-inch  pipe.    The  rods  <lid  not  break  at  a  coupling,  but  in 
the  middle  of  a  short  ixxl,  10  feet  long,  and  there  was  no  im- 
perfe<'tion  of  metal  to  account  for  the  breakage.    The  rod  was 
1  inch  square,  and  its  rupture  proved  that  the  four  hydraulic 
pumps  had  been  used  to  their  full  capa^city,  aiui  that  a  pres- 
sure of  nearly  60,000  pounds  must  have  l>een  emi)loyed  without 
moving  or  breaking  the  pipe.    After  this  accident  the  position  of 
pipes  and  tools  were  as  follows :  The  8-incli  pipe  overlapped  the 
7-inch  pipe  27  feet  4  inches,  the  toj)  of  the  poles  being  fortu- 
nately in  that  portion  of  the  latter  which  was  within  the  former, 
and  the  gravel-box  of  pipe  extractor,  made  of  sheet-iron,  was  rest- 
ing on  top  of  7-inch  pii>e.    The  rods  and  box  had  to  be  withdrawn 
before  anything  else  could  be  accomplished  towanls  removing 
any  more  pipe.    The  kit-extractor  was  lowered,  and,  by  the  im- 
pression taken,  it  was  ascertained  that  the  hole  in  conical  top  of 
gravel-bo^  was  in  the  axis  of  the  well-hole.    An  attempt  to  extract  this  was 
made  with  a  hook  on  a  swivel  at  the  end  of  pump-rope,  a«  this  ex)uld  be 
lowered  in  a  few  minutes,  while  the  system  of  rods  would  take  more 
than  one  hour  to  reach  this  distance  into  the  well.     A  hold  on  the  top 
was  secured,  but  the  rope  parted  at  an  old  splice,  leaving  an  a^lditional 
obstruction  in  thci  well  in  the  shape  of  some  hundred  feet  of  wire-rope. 
The  rope  and  its  appurtenances,  alter  several  trials,  were  withdrawn 
from  the  well.    After  re-sx)licing  the   wire  rope  it  was  lowered,  witli 
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a  point  of  iron  at  its  extremity,  attached  to  which  were  four  iron 
spiiugs.    This  tool  passed  through  the  hole  in  top  of  gravel- 
box,  and  when  it  was  drawn  up  the  springs  caught  the  sides 
of  box  and  brought  it  out  of  the  well.     As  the  7-inch  pipe  pro- 
jects mpre  than  20  feet  above  the  upper  end  of  the  bottom 
rods  in  well,  there  was  room  above  the  latter  to  permit  us  to  use 
another  pipe-extractor  in  this  pipe,  and  to  try.  to  remove  some  of  it, 
and  thus  relieve  the  rods  in  well  of  a  portion  of  the  weight  which 
served  to  break  them  in  our  endeavor  to  raise  the  whole  of  it  at 
one  trial.    We  were  successful,  and  raised  78  feet  4  inches.    On  exami- 
nation it  was  ascertained  that  the  pipe  was  not  cut  through  at  the 
depth  of  940  feet,  the  point  at  which  the  cutting  tool  had  been  work- 
ing.   This  was  owing  to  the  fact  that  the  cross-section  of  the  pipe  was 
not  a  circle  at  this  place,  but  rather  an  ellipse,  two  of  the  opposite  sides 
having  been  pressed  in  towards  the  center.    The  cutter  hail  perforated 
all  the  inner  sheet  and  the  portions  of  the  outer  one  near  the  extremi- 
ties of  its  smaller  diameter,  but  the  outer  sheet  at  the  ends  of  the  larger 
diameter  was  intact.    By  raising  this  length  of  pipe  we  had  relieved 
the  rods  of  861  pounds  actual  weight,  but  when  we  consider  that  the 
outer  surface  of  this  portion  of  pipe  was  over  1,700  square  feet,  and  the 
I>ower  of  adhesion  to  the  walls  of  the  well-bore  was  proportional  to  it, 
iwre  can  realize  that  the  pi^essure  exerted  by  the  actual  weight  was  a 
very  small  component  of  the  strain  that  the  rods  had  to  sustain,  and 
that  in  removing  this  length  of  pipe  the  rods  had  been  relieved  of  a 
great  portion  of  the  task  which  had  been  required  of  them. 

The  above  was  the  first  operation  towards  rectifying  tlie  effects  of  this 
accident;  but  the  rods  were  still  in  the  well,  and  there  was  now  a  por- 
tion of  the  walls  of  the  well  51  feet,  extending  from  bottom  of  eight-inch 
to  top  of  seven-inch  pipe,  unprotected  and  liable  to  cave. 

No  time  was  lost  in  trying  to  get  a  firm  hold  of  upper  extremity  of 
rods  in  well.  Several  tools  were  made  of  different  patterns,  but  all 
Iiroved  ineffectual,  our  hold  on  top  of  rods  yielding  before  a  pressure 
sidequate  to  raise  them  could  be  applied.  Our  next  attempt  was  to  un- 
screw a  portion  of  the  rods  and  to  raise  these  from  the  well ;  about  40 
feet  above  the  gravel  and  block  there  was  a  loose  joint,  and  if  a  suf- 
ficient hold  could  be  obtained  of  the  toi>  of  the  rods,  we  might  unscrew 
the  upper  ones.  Several  attempts  were  made  to  effect  this,  but  our 
hold  on  the  rods  slipped,  or  the  leverage  of  95C  feet  from  top  of  rods  to 
the  i)lace  of  applying  the  i)ower  with  the  elasticity  of  the  rods  pre- 
vented our  unscrewing  them  at  the  loose  joint.  Our  exertions  to  take 
hold  of  the  rods  and  the  constant  blows  the  top  of  them  received  from 
the  tools  in  trying  to  effect  this  pushed  the  whole  system  in  the  well 
down  until  the  block  was  worked  below  the  pipe,  when  the  gravel 
escaped  out  into  the  well-hole  and  the  claw  tool  obtaining  a  hold  on  the 
coui)ling  just  below  the  rui)ture  brought  rods  and  block  to  surface  very 
unexpectedly.  This  method  of  freeing  the  well  from  this  tool  when  it 
was  found  impossible  to  raise  it  was  one  of  the  considerations  which  in- 
duced us  to  use  it,  but  it  was  not  tried  in  this  instance,  as  it  was  sup- 
l)Osed  that  the  whole  well  below  the  7-inch  pii)e  was  filled  with  loose 
rock  and  earth,  and  that  there  was  no  room  for  either  block  or  gravel. 
We  next  raised  out  of  the  well  30  feet  more  of  pipe,  leaving  a  dis- 
tance of  81  feet  of  bore  of  which  the  walls  were  not  protected.  Our 
prospects  were  now  encouraging,  as  we  experienced  very  little  difliculty 
in  achieving  this  last  result.  The  well  was  left  in  this  condition  on 
stopping  work  at  night,  and  it  was  resumed  with  sanguine  anticipation 
on  the  following  day.    These  were  soon  exchanged  for  gloomy  fore- 
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bodings,  for,  on  lowerin«:  the  pipe  extractor,  it  was  ascertained  that 
during  the  night  the  walls  of  the  well  had  caved  in  on  top  of  pipe  at  a 
distance  from  the  surface  of  the  ground  of  1,030  feet.  This  d  'brut 
was  bored  through  with  an  auger,  and,  after  penetrating  it  and 
reaching  the  pipe,  the  tool  descended  freely  in  the  latter.  It  was 
found  that  the  pipe  extractor  coukl  not  enter  the  pipe,  as  there 
was  some  obstacle  on  top  of  it  which  the  auger  could  pass  by, 
but  which  was  large  enough  to  obstruct  the  passage  of  this  tool, 
while  the  same  obstacle  kept  the  debris  above  from  tilling  up  the 
pipe. 

In  raising  the  auger  on  one  occasion  the  workman  was  certain  that 
he  had  caught  hold  of  this  piece  of  rock  or  sheet-iron  and  was  lifting  it 
out,  but  when  the  auger,  was  within  210  feet  of  the  surface  a  suddeu 
jar  of  the  rods  conv^inced  him  that  it  had  escaped  and  fallen  back  into 
the  well.  On  lowering  the  tools  it  was  ascertained  that  they  would  not 
enter  the  pipe,  and  the  piece  of  rock  or  hard  substance  was  felt  on  top 
of  it.  A  double  worm  was  then  tried,  several  attempts  were  made,  and 
in  some  cases  this  obstacle  was  nearly  raised  to  the  top,  but  fell 
back  into  the  well.  It  was  then  determined  to  break  it  up  and 
extract  it  in  fragments.  A  solid  inverted  cone  was  screwed  on 
to  the  rods  and  slide,  the  whole  system  was  raised  and  allowed 
to  fall,  but  this  did  not  break  it  up  so  that  we  could  remove  it 
The  idea  of  extricating  ourselves  from  this  difficulty  in  this 
manner  was  finally  abandoned,  and  we  commenced  to  nse  a 
sharji-pointed  drill  and  to  bore  in  the  usual  way,  but  without 
side  cutters,  using  the  i)ump  alternately  with  the  drill.  By 
continuous  employment  of  these  tools  we  reached  the  top  of  the  pipe 
and  entered  it  to  a  depth  of  100  feet,  when  we  found  it  filled  up  to  that 
height  with  caved  rock  and  earth.  This  length  of  pipe  afforded  us  an- 
other opportunity  of  using  the  pipe  extractor,  and  a  hold  on  the  former 
was  obtained  at  a  distance  of  70  feet  below  its  top.  The  clamps,  wedges, 
and  hydraulic  pumps  were  applied,  and  the  pressure  was  increased  very 
gradually,  the  full  strain  of  the  four  pumps  being  left  on  during  the 
night.  The  following  morning  the  influence  of  the  pumps  began  to  tell 
on  the  system  of  rods,  and  they  yielded  gradually,  inch  by  inch,  until 
the  iK)rtion  of  the  lower  pipe  we  were  raising  had  entered  the  8  inch 
pipe,  when  the  hoisting  ai>paratus  was  found  strong  enough  to  raise  them 
out  of  the  well. 

The  difficulty  experienced  in  raising  this  pipe  after  its  adhesion  to  the 
w^alls  of  the  well  had  been  broken,  and  it  had  started  on  its  upward  jour- 
ney, made  one  realize  the  amount  of  friction  which  would  have  to  be 
overcome  in  the  work  which  remained  to  be  accomplished.  The  rods 
brought  up  on  this  occasion  79  feet  3  inches  of  pipe;  this  last  above  the 
block  was  filled  with  water,  mud,  rocks,  and  small  pieces  of  sheet-iron. 
The  surface  of  the  pipe  wiis  pressed  in  and  broken  through  in  several 
places,  apparently  by  a  loose  rock  between  the  i)ipe  and  walls  of  the  well, 
which  worked  its  way  up  as  the  pipe  ascended. 

During  one  night  the  well  caved  at  a  distance  of  1,079  feet  3  inches 
from  surface,  so  as  to  cover  up  the  top  of  lower  i)ii>e  40  feet.  We  bored 
through  this  debris^  but  the  sides  caved  as  the  dilll  descended,  and  it 
was  raised  from  the  well  with  difliculty.  After  many  attempts  the  well 
was  cleared  out  to  a  certain  distance,  and,  being  left  overnight,  caved  so 
that  we  were  occupied  during  the  whole  of  the  following  day  in  drilling 
through  tlie  roc5k  an»l  carlli  which  had  fallen  in  and  choked  up  the  well- 
bore.  No  diffi(Milty  was  experienced  in  boring  through  the  debris  which 
seemed   to  fill  tho  w^jll  during  the  night,  but  the  tools  became  en- 
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cumbered  with  caves  which  occurred  diuriug  the  day,  so  that  the  lever 
had  to  lift,  iu  boring,  not  only  the  rods  and  drill,  but  a  large  mass  of 
rock  and  earth  at  each  stroke.  On  stopping  work  at  night,  as  a  pre- 
cautionary measure,  the  tools  had  to  be  drawn  up  into  the  8-inch  pipe 
for  fear  they  would  be  buried,  so  that  we  could  not  get  them  out  of  the 
well.  The  pump  was  constantly  bringing  up  a  full  load  on  each  occa- 
sion, but  the  more  matter  removed  from  the  well,  the  more  seemed  to 
fall  into  it  from  this  unseen  source  nearly  a  quarter  of  a  mile  below  us. 
It  would  be  a  matter  of  repetition  to  describe  the  efforts  made  and  tools 
employed  to  remove  the  effects  of  the  caving  and  to  deepen  the  well- 
hole  so  as  to  withdraw  the  253  feet  of  pipe  still  in  it.  All  the  above 
proved  useless,  and  the  situation  was  a  desperate  one. 

The  condition  of  the  well  was  as  follQws :  From  the  bottom  of  d-inch  to 
the  top  of  7-inch  pipe,  a  distance  of  160  feet  3  inches,  the  walls  of  well 
were  unprotected  and  had  caveil  in,  filling  up  the  pipe  and  bore  ^ 
of  well  to  a  distance  of  377  feet  10  inches.  Forty  feet  of  this  I 
filling  was  above  the  pipe  and  prevented  our  tools  from  reach-  --s 
ing  it.  There  remained  in  the  well  bdow  this  mass  of  rock  .§^ 
and  earth  253  feet  6  inches  of  pii)e,  and  below  this  again  35  feet  ^ 
1  inch  of  bore  unprotected  by  pipe.  An  experienced  well-borer  ^ 
from  Pennsylvania,  who  witnessed  the  futile  attempts  made  ^ 
to  remove  these  quicksands,  as  yon  might  call  them,  ^d,  if  ^ 
such  an  accident  had  occurred  in  the  oil  regions,  that  the  work-  , 
men  would  immediately  abandon  the  holeand  sink  another  one.  n- 
This  accident  leaves  the  well  in  a  situation  which  will  require  ■ 
time  and  money  to  rectify  it,  but  its  consequences  are  fiir  ^m  ! 
irreparable.  The  best  method  to  insure  success  in  removing 
tliese  incumbrances  from  tlie  well  will  be  to  lower  a  7-inch  ^ 
pipe,  with  a  lip  on  its  outride  surface^  until  the  bottom  of  it  ^ 
rests  on  top  of  pipe  now  in  well.  Then  the  pipe  in  well  can  be  ^ 
cleared  through  this  of  the  products  of  the  cavings  and  of  the  ; 
broken  drill  in  bottom  of  well-hole.  We  can  then  take  hold  of  f  - 
it  with  the  expanding  tool  (described  on  page  692,  Report  of  ; 
Chief  of  Ordnance,  1877)  by  allowing  the  tool  to  pass  down,  so 
that  the  cutters  could  expand  and  take  hold  under  the  steel  ^ 
ring  at  the  bottom  of  the  old  pipe.  The  new  pipe  could  be  g^ 
niised  by  wooden  clamps  around  the  outside  of  it,  and  the  old  ^ 
pipe  by  the  large  iron  rods  one  and  a  half  inch  square.  Both  k 
should  ascend  simultaneously,  so  that  the  bottom  of  the  new  "^ 
pi|>e  should  rest,  until  it  ehtered  the  8-iuch  pipe,  on  the  top  of  ^ 
*the  lower  pipe.  This  would  protect  the  well  from  the  caving  g 
of  its  sides.  From  the  above  position  the  upper  pipe  could  be  ^ 
raised  first  and  then  the  lower  one. 

The  above  plan,  which  is  the  best,  that  suggested  itself  to  ^  - 
my  mind,  required  tor  its  execution  more  time  than  would  > 
elapse  before  the  expiration  of  the  fiscal  year,  when  the  work  t. 
would  liave  to  be  discontinued,  as  Congress  had  not  made  any  ^ 
appropriation  to  continue  it  during  the  present  year.  Under  ? 
these  circumstances  it  would  be  folly  to  put  any  more  pipe  in  i_ 
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the  well  only  to  become  a  fixture  there,  which  would  cost  money  and 
time  to  extricate.  It  was  determined,  therefore,  to  purchase  some  more 
wire  rope  and  the  tools  which  would  be  needed  to  complete  this  work, 
and  to  repair  all  the  pipe  which  had  been  taken  from  the  well. 

As  the  analysis  of  the  water  obtained  from  the  1,407-foot  level  was 
not  very  encouraging,  it  was  decided  to  make  arrangements  to  utilize 
that  which  came  from  the  stream  which  wa49  met  with  at  960  feet  from 
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the  surface.  In  order  to  effect  this  it  would  be  necessary*  to  stop  thr 
water  which  entered  the  well  at  the  1,407-foot  level  from  rising  and 
mixing  with  the  better  water  obtained  at  the  lesser  depth.  The  bo^ 
was  already  filled  up  377  feet  above  the  lower  source  of  water  with 
earth,  &c.  This  mass  was  raranied  down  to  increase  its  density,  then  i 
number  of  gi'ain-sacks  made  into  wads  were  pressed  down  on  top  of  it 
Above  these  we  lowered  and  spread  out  three  bai'rels  of  cement  ami 
two  barrels  of  sand,  and  allowed  a  week  to  elapse  to  give  these  time  to 
settle  down  and  to  acquire  the  consistency  of  glue.  Over  the  cemenr 
and  sand  we  placed  more  sacks  and  pressed  them  down  into  this  half 
hardened  substance  expecting  that  the  material  of  which  the  bag^s  weiv 
made  would  bind  the  mass  together  into  a  solid  water-tight  bottom  ti» 
the  upper  part  of  the  well.  In  measuring  some  time  afterwards  tht 
depth  of  these  obstructions  we  ascertanied  that  thei'e  were  6.J  feet  o: 
this  conglomerate  on  top  of  the  filling  which  came  from  the  caving  o: 
walls  of  well.  When  a  sufficient  time  had  elapsed  for  the  cemenr  to 
set  and  to  harden  the  mass,  the  deep-well  pumi>  was  lowered  300  feet 
into  the  well,  and  the  piston-rod  was  connected  with  the  lever,  which 
was  worked  by  the  steam  cylinder.  The  water  discharged  at  first  .wa> 
frothy,  opaque,  accompanied  by  gas  which  readily  ignited  at  the  inoutli 
of  the  well;  its  temperature  increased  to  80°  and  the  taste  was  uDplea.s 
ant.  The  quantity  delivered  was  estimated  to 'be  1,000  gallons  per  hour. 
As  the  pim^ping  was  continued  the  gas  gradually  dLsappeared,  the  water 
becoming  clear  and  soft;  the  unpleasant  taste  to  a  great  extent  was  lost, 
and  the  temperature  continued  high.  The  water  contains  no  lime  nor 
any  salt  which  might  form  a  cnist  on  the  inside  of  the  boilers ;  it  can 
therefore  be  used  in  them  and  for  irrigating  puri)oses.  The  chemi< 
reports  that  it  contains  organic  matter,  and  is,  therefore,  unfit  for  footl. 
The  water  was  pumped  continuously  for  forty-two  hours  and  the  quau- 
tity  remained  the  same  as  at  the  beginning,  while  the  quality  improve<l. 
I  have  nearly  completed  a  brass  force-pump  with  a  piston  of  5  inches 
diameter,  which  will  furnish,  vnth  the  present  machinery,  about  3,00U 
gallons  an  hour.  The  above  requires  an  expenditure  of  fuel,  but  the 
government  can  obtain  an  abundant  supply  of  water  from  this  well  at 
a  very  low  cost.  An  appropriation  of  $800  to  build  a  windmill  over 
this  well  would  enable  us  to  obtain  a  supply  of  water  with  which  we 
might  defy  the  dry  season  of  California  and  its  withering  effects  on  all 
veniure. 

It  has  been  suggested  tome  by  some  parties  that  when  we  commence 
to  use  this  water  freely,  the  traces  of  organic  matter  in  it  may  disap)>ear, 
and  then  it  will  be  useftil  for  all  purposes ;  and  it  has  also  occurred  to 
me  that  we  could  increase  the  supply  of  water,  or  might  even  obtain  a 
flowing  well  of  sufficient  capacity  to  supply  the  wants  of  this  post,  by 
opening  the  fissures  in  the  strata  at  the  960-foot  level.  This  could  he 
effected  by  exploding  a  cartridge  of  giant  powder  or  nitro-glycerine  at 
this  depth  by  means  of  an  electric  current.  I  hear  that  this  plan  is  fire 
quently  adopted  in  the  oil  regions  to  increase  the  flow  of  oil  from  a  well 
when  it  begins  to  fail,  and  that  it  very  often  proves  successful.  There 
is  one  objection  to  the  use  of  this  plan,  however,  in  the  artesian  well 
here,  for  if  we  fail  to  obtain  a  flowing  well  of  suificient  capacity  for  oiir 
wants  by  this  means,  and  have  to  sink  the  well  deeper,  then  we  may 
have  some  diificulty  in  passing  this  mine  created  by  ourselves,  because 
the  surrounding  strata,  having  been  loosened  by  the  explosion,  will  fall 
against  the  pipe  and  impede  its  progress  downwards.  If  this  was  my 
private  enterprise,  I  should  adopt  this  plan  as  one  that  might  probably 
afford  a  satisfactory  solution  to  our  endeavors  to  obtain  artesian  water. 
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In  this  connection  it  might  be  well  to  state  that  I  applied  to  Colonel 
Mcudall,  of  the  United  States  Engineers,  to  ascertain  if  he  had  any 
means  at  his  disposal  for  fiinng  a  mine  nnder  water,  and  found  that  he 
bacl  a  magneto-electric  machine  (Beardslee's)  which  ix)uld  furnish  a  cur- 
rent of  high  intensity,  but  on  that  very  account  it  needed  perfect  insula- 
tion ;  the  wire  that  he  had  was  old  and  unfit  for  my  purpose ;  he  kindly 
ottered  to  lend  me  the  wire  and  the  machine.    As  the  cartridge  and  a 
portion  of  the  wire  had  to  be  used  at  the  depth  of  970  feet,  they  would 
be  subjected  to  a  pressure  of  450  pounds  to  the  square  inch.    This  press- 
ure ivouhl  require  a  small  Atlantic  cable  to  resist  it,  and  I  was  fortunate 
in  tinding  in  the  United  States  Coast  and  Geodetic  Siu'vey  OflBce,  in  Sau 
Francisco,  an  insidated  cable  which  was  brought  out  here  by  Professor 
Aga^ssiz  for  taking  temx)eratures  at  great  depths.    The  use  of  this  was 
kindly  offered  to  me  by  l*rofessor  Davidson  of  the  United  States  Coast 
Survey  Department.    The  above  suggestion  of  exploding  a  cartridge  just 
below  the  8-iuch  pipe  in  the  well  is  submitted  for  your  cousideration, 
and  you  will  perceive  that,  owing  to  the  kindness  of  friends,  it  can  be 
carried  out  with  a  small  expense  to  the  Ordnance  Department. 

I  -  have  proved  by  the  above  that  we  can  readily  remove  all  the  ob- 
structions now  in  the  well,  and  our  former  achievements  in  boring  at 
^reat  depths  demonstrate  that  we  can  sink  the  well  to  any  required 
distance.  Machinery,  tools,  and  pipe  are  all  prepared  to  bore  the  well 
to  a  depth  of  2,073  feet,  and  we  only  wait  for  a  further  appropriation  to 
continue  the  work. 


APPENDIX  M. 

MEASUREMENT  OF   POWDER   PRESSURES   IN  CANNON    BV  COMPRESSION 

OF  OIL.    DR.  W.  E.  WOODBRIDGE. 

(Eleven  plates.) 
Experiments  at  Washington  Arsenal,  1854-'3o. 

Washington,  January  18,  ISaI 

8ir  :  I  have  receDtly  constructed  au  apparatus  designecl  to  ascertu: 
the  pressure  per  square  iueh  exerted  by  fired  gunpowder,  either  witliifl 
a  cannon  charged  in  the  ordinary  manner,  or  otherwise  coufined. 

In  the  method  I  have  devised  it  is  proposed  to  measure  the  force  d: 
the  explosion  by  the  registered  compression  of  a  liquid  caatained  witha 
a  piezometer,  which  is  secured  within  a  gun  while  it  is  discharged.  Tk^ 
compression  thus  produced  is  compared  with  the  compression  prodocoii 
by  submitting  the  instrument  to  a  known  pressure  by  means  of  a  by 
drostatic  apparatus  (which  I  aLso  possess),  and  the  actual  pressure  \a  dr 
duced  from  the  comparison. 

I  have  made  a  small  number  of  experiments  with  the  instrument  mei 
tioned,  but  am  not  in  possession  of  the  means  of  giving  the  experimenr* 
the  completeness  which  would  result  from  the  employment  of  guns*' 
different  calibers. 

The  determination  of  the  pressure  of  fired  gunpowder  under  the  van 
ous  conditions  of  its  use  in  service  appears  to  me  to  have,  in  additioir' 
its  scientific  interest,  an  important  practical  bearing  on  the  subject  <: 
gunnerj';  and  with  this  view,  I  very  respectfully  request  the  aid  of  yom 
department  in  making  some  further  experiments.  Ko  great  expenditnn 
would,  I  think,  be  demanded  to  conduct  the  experiments  to  useful  iv 
suits.  The  employment  of  guns  already  in  service  and  the  expendituff 
of  the  requisite  ammunition  would  be  the  principal  items  of  expense. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

W.  E.  WOOOBUIDGE. 

Col.  Henry  K.  Craig, 

Chief  of  the  Ordnance  Department. 


Washington  Arsenal,  January  tj,  I8.3:>. 
Sir  :  In  reply  to  your  letter  of  the  20th  instant,  relative  to  the  ex[)ti 
iments  proposed  by  Dr.  Woodbridge  for  measuring  the  force  of  fire^i 
gunpowder,  I  have  to  say :  That  the  determination  of  the  pressure  e\ 
erted  by  the  elastic  gases  produced  by  the  combustion  of  gunpowder  i> 
an  element  of  the  first  importance  in  the  theory  and  practice  of  gunnen, 
and  the  measure  of  this  i)ressure  is  indispensable  in  all  mathematical 
computations  of  the  effects  of  gunpowder  on  the  projectile  or  on  th-' 
gun.  The  only  experiments  on  this  subject,  of  which  I  have  any  know! 
edge,  are  those  of  Count  llumford,  and  they  are  accordingly  stiirrefem'd 
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to  by  matbematicians  in  all  discussions  relative  to  the  force  of  fired  gun- 
powder. (See  Piobert, "  Traite  crArtillerieJ^)  But  interesting  and  curi- 
ous as  these  experiments  were,  the  deductions  made  from  them  are 
liable  to  many  objections,  on  account  of  obvious  causes  of  error  and 
uncertainty  in  the  results,  and  an  accurate  sohition  of  the  questions  in- 
volved in  them  is  still  highly  desirable  for  scientific  and  practical  pur- 
poses. 

Dr.  Woodbridge  has  explained  to  me  the  method  which  he  proposes 
to  employ  for  accomplishing  this  object.  He  informs  me  that  an  instru- 
ment constructed  on  a  somewhat  similar  principle  was  used  by  Perkins 
ia  his  experiments  on  the  compressibility  of  liquids,  and  Dr.  Woodbridge 
has  tested  his  own  apparatus  by  some  trials^  on  a  moderate  scale,  which 
appeal*  to  him  satisfactory.  Under  these  circumstances,  therefore,  and 
without  entering  into  a  minute  discussion  of  the  proposed  plan,  I  am  of 
opinion  that  a  further  trial  is  worthy  of  the  attention  of  the  Ordnance 
Dei^artmentb  It  would  be  curious,  and  creditable  to  the  department  as 
w^U  as  to  the  inventor,  if  another  American  philosopher  should  perfect 
the  work  so  wdl  begun  by  Eumford. 

With  regard  to  the  probable  cost  of  prosecuting  these  experiments  to 
a  useful  extent  it  is  difficult  for  me  to  form  an  estimate  at  this  time. 
The  guns  which  might  be  used  for  the  purpose  would  have  to  be  after- 
wards classed  as  unfit  for  ordinary  service,  but  I  think  that  guns  of  old 
pattern,  and  condemned  on  that  account  as  unserviceable,  might  be  made 
use  of  for  these  experiments,  and  the  gunpowder,  shot,  and  other  mate- 
rials would  involve  very  little  cost.  Dr.  Woodbridge  ought  to  receive 
some  remuneration  for  his  expenses  during  the  time  he  may  devote  to 
the  work  ;  the  other  expenditures  for  labor  and  workmanship  would  be 
but  small,  and  I  should  think  that  the  sum  of  $500  would  defray  all  the 
expenses  (exclusive  of  the  guns  and  ammunition)  which  it  would  be 
necessary  to  incur  in  obtaining  many  interesting  and  useful  results,  if 
the  experiments  should  be  made  at  an  arsenal. 

A  few  preliminary  trials,  involving  very  little  cost,  would  serve  to  test 
the  sufficiency  of  the  proposed  apparatus  and  the  general  accuracy  of 
the  results  to  be  expected  from  its  use.  I  hope,  therefore,  that  you  may 
feel  justified  in  furnishing  Dr.  Wopdbridge  with  the  means  of  prosecut- 
ing his  experiments  on  this  interesting  subject. 
Dr.  Woodbridge's  letter  is  herewith  returned. 
Respectfully,  your  obedient  servant, 

A.  MORDECAI, 
Captain  Ordnance^  Brevet  Major. 
Col.  H.  K.  Oraio, 

Ordna^we  Department. 

[First  iniloraemeut. ] 

Ordnance  Office,  January  24, 1853. 

Respectfully  submitted  to  the  Secretary  of  War,  I  regard  the  pro- 
posed experiments  as  highly  interesting  both  in  a  scientific  and  practical 
]>oint  of  view,  and  recommend  that  they  be  authorized  as  suggested  in 
this  letter;  the  actual  expenditures  (not  to  exceed  $500)  to  be  defrayed 
from  the  appropriation  for  "  ordnance  service,"  which  is  applicable  to 
the  purpose. 

H.  K.  CRAIG, 
Colonel  Ordnance. 
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[Second  indorHenient.  ] 

Approved. 

C.  M.  CONRAD, 
Secretary  of  irdr. 

January  28, 1853. 


Perth  Amboy,  December  18,  185.K 

Sir  :  I  send  herewith  an  account  of  the  experiments  on  the  pre.<surp 
of  fired  gunpowder,  undertaken  in  accordance  with  a  notice  of  their 
authorization  received  from  your  department  in  February,  1853,  together 
with  their  result*  and  such  particulars  as  are  of  interest  in  the  i>resent 
stage  of  tiie  experiments.  The  results  pi'esent,  I  su]>po8e,  the  most  a*' 
curate  knowledge  we  have  upon  the  particular  subject  to  which  they  vt 
late,  and  the  experiments  have  served  to  afford  instructions,  such  as  air 
generally  gained  only  from  experience,  which  would  be  of  much  value 
in  a  more  extended  course  if  they  should  be  made.  Various  engaJ:^ 
ments,  both  on  the  part  of  Major  Mordecai,  with  whom  I  have  had  the 
pleasure  and  honor  to  be  associated,  and  on  my  part,  have  been  the 
necessary  cause  of  delay,    *    •    • 

Very  respectfully,  your  obedient  servant, 

W.  E.  WOODBRroCE. 
Col.  H.  K.  Craig, 

Chief  of  Ordnance  Department. 


Washington,  November  3,  1856. 

Colonel  :  I  present  herewith  a  report  of  Dr.  Woodbridge,  contain 
ing  a  description,  with  drawings,  of  the  apparatus  used  by  him  iu  deter 
mining  the  compressibility  of  oil  in  connection  with  the  exi)eriments  on 
the  pressure  of  fired  gun])owder,  which  were  made  at  the  Washington 
Arsenal  whilst  I  was  in  command  thei^e.  This  re])ort,  the  previous  onf 
of  Dr.  Woodbridge  on  the  same  subject,  and  a  printed  paper  prepareil 
by  him  for  Silliman's  Journal  (a  copy  of  which  is  also  inclosed  herewith), 
present  a  full  view  of  the  method  used,  and  the  results  obtaine<l  thiw 
far  in  these  experiments.  They  are  to  be  regarded  only  as  preliminary 
trials  of  the  proposes!  method  of  operating  on  this  interesting  subject, 
and  I  do  not  consider  them  as  ha\ing  been  carried  far  enough  to  enable 
us  to  pronounce  definitively  on  the  accuracy  of  the  indications  given  bv 
the  instnmients  used  in  the  gun  for  determining  the  pressure  against 
the  sides  of  the  bore.  But  the  results  thus  far  obtained  are,  I  think, 
sufficientlj"  encouraging  to  authorize  a  continuance  of  the  experiment* 
on  a  subject  which  is  of  great  importance  in  reference  to  the  form  of 
cannon,  and  especiallj'  to  the  best  mode  of  pro^ing  them. 

I  may  remark  here  that  this  subject  has  engaged  the  attention  of  the 
intelligent  corps  of  artillery  of  Prussia.  A  report  of  their  experiments 
was  published  in  December,  1853,  in  the  "Archives  of  the  Artillery  and 
Engineer  Corps'^  (Vol.  34,  Part  2),  and  a  translation  of  the  paper  into 
French  w  ill  be  found  in  the  first  volume  of  the  "  Technologie  Militaire^^ 
1854,  published  in  Belgium  by  Lieutenant-Colonel  Delobel,  a  copy  oi 
which  is  among  the  books  brought  out  bj'  the  military  commission  re- 
cently returned  from  Europe.  The  method  adopted  in  these  Prussian 
experiments  appears  to  have  been  almost  exactly  the  same  as  that  pur* 
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sued  in  similar  investigations  under  the  direction  of  Colonel  Bomford  at 
Boston — a  method  miich  less  direct  and  satisfactory  in  its  application 
than  that  of  Dr.  Woodbridge,  if  the  latter  should,  on  further  trial,  be 
found  perfectly  reliable.    •    •    • 

Respectfully,  your  obedient  servant, 

A.  MORDECAI, 
Major  of  Ordnance* 
Cpl.  H.  K.  Craig, 

Ordnance  Department. 


In  reporting  to  the  Secretary  of  War  on  November  11, 1856,  on  the 
upi>liciition  of  Dr.  Woodbridge  for  reimbursement  of  moneys  expended 
by  him,  which  exceeded  the  amount  assigned  by  the  War  Department 
to  the  pui-poses  of  the  experiments,  the  Colonel  of  Ordnance  stated  that 
his  intention  in  making  a  favorable  recommendation  was,  in  part,  ^*to 
liohl  out  to  him  (Dr.  W.)  fair  inducements  to  prosecute  a  work  which  an 
iible  and  experienced  officer  of  this  department  considers  as  affording 
prospects  of  decided  utiHty  in  its  future  operations." 


ACCOUNT  OF  EXPERIMENTS. 

.  [The  a^^count  of  the  experiments  referred  to  in  Br,  Woodbridgt^s  letter  of 
December  18,  1855,  is  Iiere  combined^  in  substance^  with  a  later  and  in  some 
respectH  more  full  communication  made  to  Major  Mordeoaiy  and  by  him  for- 
icardefl  to  the  Chief  of  Ordnance  under  cover  of  his  letter  dated  November 
;5,  185C.] 

It  was  proposed  in  these  experiments  to  ascertain  the  pressiure  of  the 
yases  evolved  by  the  combustion  of  gunpowder,  by  including  in  the 
<*avity  within  which  the  pressure  should  be  restrained  a  piezometer, 
which,  by  registering  the  compression  of  a  liquid  contained  within  it, 
shoiLhl  aiford  an  indication  of  the  pressure  to  which  it  had  been  exposed. 

This  instrument,  as  employed  in  these  experiments,  is  a  small  cylin- 
drical vessel  of  steel,  inclosing  a  quantity  of  oil  destined  to  receive  the 
l»ressure  of  the  flui<l  by  whicli  it  may  be  surrounded,  through  the  me- 
dium of  a  piston  whicli  is  carried  inward  a  distance  proportional  to  the 
amount  of  compression.  To  the  piston  is  attached  a  stem  of  wire,  ex- 
tending inward,  on  one  side  of  which  a  fine  point  is  made  to  press,  in- 
scribing, when  the  piston  is  moved,  a  line  on  the  stem  equal  in  length 
to  the  extent  of  its  motion. 

The  details  of  its  construction  were  arranged  with  reference  to  obtain- 
ing as  large  capacity  and  as  great  length  of  stroke  as  its  exterior  di- 
mensions woidd  pennit — to  fixing  the  proper  relations  between  the 
volume  of  oil  required  to  fill  it,  the  area  of  the  piston,  and  the  range  of 
1  pressures  to  which  it  was  to  be  subjected — and  to  its  being  easily  filled 
without  including  air. 

The  piezometer  made  use  of  in  the  firing  recorded  under  date  of  No- 
vember 27, 1854,  in  the  accomi)anying  table,  was  made  in  the  fall  of 
1852,  and  used  at  that  time  to  test  its  working,  for  a  few  firings  with  a 
four-pounder  gun,  at  Perth  Amboy,  N.  J.  The  closed  end  of  the  instru- 
ment terminated  in  a  screw  half  an  inch  in  diameter,  designed  to  secure 
it  to  the  bottom  of  the  gun,  where  it  was  inserted  in  a  hole  tapped  to 
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receive  it.    The  screw  was  broken  in  the  first  experiment,  though  the 
iiistniment  retained  the  I'ecoiti  of  the  compression. 

A  second  piezometer,  similar  to  the  first,  but  attached  by  a  screw  of 
the  full  diameter  of  the  body  of  the  instrument  (one  inch),  wa«  employed 
in  the  second  and  third  rounds,  breaking  in  the  third. 

The  original  design  in  inserting  the  instrument  in  the  manner  men- 
tioned above  was  to  avoid  injuring  the  gun  used  in  these  trials  in  a  way 
that  would  render  it  unserviceable. 

The  third  piezometer,  used  without  injury  in  all  the  subsequent  ex 
periments,  was  inclosed,  when  used,  in  a  hollow  phig  of  steel  screwed 
into  the  side  of  the  gun,  the  cavity  of  the  plug  and  the  bore  of  the  gun 
being  in  communication. 

It  was  essentially  like  its  predecessors,  excepting  that  the  attaehing- 
screw  was  omitted.  It  is  represented  in  full  size  in  the  accomxMmyin^ 
drawing  (Plate  I).  Figure  1  is  a  section  through  its  axis ;  Fig.  2,  an 
exterior  side  view ;  Fig.  3,  a  view  of  the  end  placed,  when  in  use,  toward 
the  bore  of  the  gun ;  Fig.  4j  of  the  opposite  end,  and  Fig.  5,  a  view  o!* 
the  piston  with  its  stem,  separately.  The  same  letters  are  used  in  re- 
ferring to  like  parts  in  each  of  the  figures.  A  is  the  body  of  the  instm 
ment.  The  general  form  of  its  lower  (or  outer)  end  is  hemispherical, 
but  it  is  flattened  on  four  sides  (as  at  a  and  a)  for  fitting  a  socket  at- 
tached to  the  middle  of  a  small  oil-pan  used  in  filling  it.  B  is  the  barrel 
to  which  the  piston  is  fitted.  It  screws  freely  into  the  body,  and  makes 
with  it  a  close  joint ;  h  and  b  are  holes  for  the  wrench  or  screw-driver. 
C  is  the  piston,  packed  with  a  leather  ring  occupying  the  groove  7,  Fi^. 
5;  c  is  Uie  eye  of  the  piston,  by  means  of  which  it  is  withdrawn  or 
tunied  when  required.  A  special  implement  (not  represented)  is  fitted 
to  the  eye  for  this  manipulation.  D  is  a  stem  screwed  into  the  piston. 
The  lower  end  is  squared,  to  fit  a  socket  like  that  of  a  watch-key.  As 
it  is  desirable  to  use  a  new  stem  for  each  experiment,  special  applianceii 
were  prepared  for  making  duplicates  readilj^  and  with  accuracy.  They 
are  coated  with  a  thin  film  of  black  varnish  to  render  the  marks  they 
are  to  receive  more  distinct.  E  is  the  point  from  w^hich  the  stem  re 
ceives  the  mark  recording  compression.  F  is  a  tubular  support  for  the 
point,  and  also  a  guide  for  the  stem  of  the  piston.  To  it  is  attached 
the  spring  G,  pressing  the  point  against  the  stem;  //  are  holes  in  the 
support  to  permit  the  oil  within  it  to  escape  freely  when  the  stem  is 
suddenly  thrust  in.  under  the  action  of  surrounding  pressure.  H  is  a 
screw  i>ermitting  tne  escape  of  oil  when  the  instrument  is  being  "  set" 
for  use,  but  also  capable  of  closing  tightly  the  opening  in  which  it  is 
situat^u.  Tests  were  made  of  the  tightness  of  the  piston  and  of  the 
joints. 

Figure  6  represents,  in  section,  the  hollow  steel  screw-plug  for  receiv- 
ing the  piezometer.  It  is  fitted  to  holes  in  the  gun,  and  inserted  at  the 
point  where  it  is  desired  so  ascertain  the  pressure.  A  ring,  K  K,  is 
screwed  into  its  open  end  to  retain  the  inclosed  instrument. 

In  preparing  the  piezometer  for  an  experiment,  two  items  are  to  bt* 
specially  observed ;  it  must  contain  no  air,  and  the  "  setting,^'  or  adjust 
ment  of  the  quantity  of  oil  contained,  must  be  done  at  the  precise  teni 
perature  the  instrument  is  to  have  at  the  moment  of  firing. 

The  procedure  is  as  follows :  All  the  parts  are  first  oiled,  over  their 
whole  surfaces.  The  adjusting-screw  is  inserted  into  the  body  of  the 
instrument,  which  is  then  set  upright  in  a  socket  attached  to  the  middle 
of  a  small  pan  intended  to  catch  any  overflow,  and  is  nearly  or  quite 
filled  with  oil,  which  should  be  made  to  flow  down  the  side  of  the  cavity 
rather  than  in  a  stream.    The  support  of  the  marking-jioint,  quite  cleaii 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         233 

but  covered  with  oil,  is  now  screwed  into  it^  pla<^,  with  the  aid  of  a 
special  implement,  not  described.  When  this  is  withdrawn,  it  will  he 
necessary  to  replace  the  oil  caused  to  overflow  by  its  insertion.  The 
barrel  is  now  slowly  put  in  its  place  and  screwed"  flrmly  down.  The 
hole  in  the  piston  for  receiving  the  stem  is  filled  with  oil,  the  stem 
screwed  in,  and  the  piston  inserted  in  the  barrel.  The  adjusting-screw 
is  loosened  a  little,  permitting  the  piston  to  be  pressed  just  below  the 
tcrp  of  the  barrel,  and  again  tightened.  Tlie  next  step  is  to  bring  the 
instrument  and  its  contents  to  the  setting  temperature.  For  this  pur- 
pose a  water-bath  (a  common  wooden  pail)  was  provided ;  a  narrow  tin 
cup,  deeper  than  the  bath  and  weighted  at  the  bottom  so  as  to  stand 
upright  within  it ;  and  a  pair  of  wooden  pinchers  for  handling  the  piezom- 
eter, which  instrument  could  be  inserted  in  them  in  such  a  way  as  to  be 
nearly  enveloped  and  yet  to  leave  the  adjusting-screw  and  piston  readily 
accessible.  The  piezometer,  seized  in  the  pinchers,  is  placed  at  the  bot- 
tom of  the  cup  in  company  with  the  tools  to  be  used  in  setting  it,  and 
is  covered  with  a  loose  wad  of  cotton.  The  cup  is  set  in  the  middle  of 
the  bath  and  surrounded  with  water  kept  as  nearly  as  possible  at  the 
desired  temimrature,  for  a  sufficient  time  to  impart,  as  nearly  as  appre- 
ciable, the  same  to  the  instrument.  It  is  then  withdrawn,  the  screw 
loosened,  the  piston  depressed  a  little  to  a  regulated  depth  with  a  special 
tool,  the  screw  tightened,  and  the  piston  rotated  a  few  degrees,  which 
completes  the  setting.  The  object  of  this  last  movement  is  to  inscribe 
a  transverse  line  on  the  stem,  affording  a  starting  point  in  measuring 
the  length  of  the  stroke. 

Small  changes  of  temperature  after  the  instrument  is  set  are  of  no  con- 
sequence, as  the  oil  will  of  course  return  to  the  same  volume,  and  the 
piston  stand  at  the  same  place,  on  returning  to  the  same  temperature. 

Before  placing  the  x>iezometer  in  the  hollow  plug,  a  thin  leather  en- 
velope, kept  saturated  with  oil,  is  drawn  upon  it  (with  the  intention  of 
affording  protection  against  the  shock  of  firing),  and  when  inserted,  the 
remaining  space  within  the  plug  is  filled  with  oil,  which  is  retained  by 
stopping  the  opening  through  the  retaiuing-ring  (which  forms  the  com- 
munication with  the  bore  of  the  gun)  with  a  loosely-fitted  disk  of  cork 
'  or  leather. 

One  particular  to  be  noted  is  the  position  of  the  eye  of  the  piston  with 
reference  to  the  line  in  which  the  gun  will  recoil  on  firing.  The  metal 
surrounding  the  eye  occupies  a  position  at  one  side  of  the  piston's  axis 
of  rotation  in  the  barrel,  thereby  throwing  the  center  of  gyration  out  of 
that  line ;  and  if  that  center  be  so  situated  as  to  fall  outside  of  a  plane 
coincident  with  the  line  of  reex)il,  it  is  evident  that  the  piston  will  have 
a  tendency  to  rotation  when  the  gun  is  fired.  It  was  apprehended  that 
tiiis  rotation  might  interfere  with  the  proper  marking  of  the  stem,  or 
accurate  measurement  of  the  mark,  and  for  that  reason  care  was  usu- 
ally taken  to  place  the  ])iston  in  such  i)osition  that  its  center  of  gyration 
should  be  nearly  in  the  plane  just  mentioned,  and  forward  of  its  axis  of 
rotation.  Curious  and  instructive  results,  hereafter  mentioned,  were, 
however,  obtained  through  the  accidental  omission  of  this  precaution. 

After  firing,  the  length  of  the  stroke  was  measured  under  a  compound 
microscope  by  the  application  of  a  scale  divided  into  thousandths  of  an 
inch  and  capable  of  being  read  to  ten-thousandths. 

The  volume  of  oil  subjected  to  pressure,  the  area  of  the  piston,  and 
the  length  of  stroke  being  known,  we  derive  from  them  the  degree  of 
compression.  To  complete  the  data  for  ascertaining  the  pressure  to 
which  the  piezometer  has  been  exposed  in  any  given  case,  it  becomes 
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necessary  to  determine  the  relation  of  compression  to  the  pressure  re- 
quired to  eflfect  it. 

The  experiments  made  for  this  purpose  were  conducted  with  a  good 
deal  of  care  to  secure  accuracy,  and  were  somewhat  elaborate. 

The  following  account  of  them  is  designed  to  be  sufficiently  minute  to 
afford  an  opportunity  for  judging  of  the  accuracy  of  their  results.  It 
will  be  necessarj^  to  begin  with  some  description  of  the  apparatus : 

The  compressing  pump,  though  an  essential  part  of  the  apparatus, 
need  not  be  very  fully  described.  Several  additional  drawings  would 
be  required  for  a  complete  description ;  and  so  far  as  its  function  of 
supplying  pressure  only  is  concerned,  its  construction  is  perhaps  not 
very  intimately  connected  with  the  accuracy  of  the  results.  Its  barrel 
is  of  ca.st  steel,  placed  horizontally,  its  exterior  diameter  being  2".2  and 
that  of  its  bore  0".7.  The  piston,  which  is  also  of  cast  steel,  terax>ered, 
is  forced  in  and  retracted  by  means  of  a  square- threaded  steel  screw 
1".5  in  diameter. 

These  parts  are  placed  in  a  strong  frame  of  iron.  The  screw  is  tumeii 
by  means  of  a  ratchet-wheel,  which  forms  it«  head,  and  a  lever  and  pawl 
connected  with  it.  To  facilitate  the  retraction  of  the  piston  a  crank  is 
attached.  Screw-valves  i)revont,  during  the  alternate  movements  of  the 
piston,  the  escape  of  the  liquid  through  the  aperture  by  which  it  enters 
the  barrel,  and  it«  return  from  the  receiver  into  which  it  is  forced.  A 
safety-valve  of  tempered  steel,  ground  to  a  seat,  also  in  hardened  steel, 
with  its  graduated  lever  and  weight,  is  attached  to  the  pump  and  serves 
for  meiisuring  the  pressures  it  is  made  to  exert. 

The  construction  and  arrangement  of  the  safety-valve  and  connected 
parts  are  shown  in  the  drawings  (Plate  II). 

Fig.  1  is  a  vertical  section  of  a  portion  of  the  pump  through  the  cen- 
t4ir  of  the  valve,  and  perpendicular  to  the  axis  of  the  barrel.  F  is  a  pro- 
longation of  the  barrel  upon  which  the  vah:e  is  mounted. '  D  is  the  valve, 
fitted  to  its  seat  in  the  cup-shaped  top  of  the  screw  E.  which  is  perfor- 
ated through  its  axis  to  communicate  with  the  bore  or  the  pump.  It  is 
also  fitted  into  the  cap  C  in  such  a  way  as  to  allow  it  to  rotate  freely, 
in  order  that  it  may  be  ground  to  the  seat  in  the  exact  position  in  which 
it  is  to  be  used.  Fig.  2  is  a  view  of  the  valve  and  cap,  at  right  angles 
with  the  section.  An  obtuse  knife-edge  at  the  top  of  the  cap  receives 
the  pressure  of  the  lever  A.  The  valve,  cap,  and  screw  are  all  of  tem- 
pered steel.  B  is  the  pin  on  which, the  lever  turns.  It  is  tempered  and 
polished.  The  end  of  the  lever  is  also  tempered  as  far  as  its  bearing  on 
the  valve,  and  the  hole  for  the  pin  is  polished.  This  mode  of  construc- 
tion i>robably  secures  a  nearly  uniform  ratio  between  the  friction  and 
pressure  under  different  strains.  G  is  the  weight.  The  line  of  sus- 
pension is  made  to  coincide  with  one  of  the  faces  of  the  stirrup,  so  that 
its  relation  to  the  graduations  of  the  lever  may  be  easily  seen. 

Gauges  constructed  upon  the  plan  just  described  are,  at  their  best, 
subject  to  two  sources  of  uncertainty :  The  friction  of  the  pin,  and  the 
impossibility  of  determining  by  measurement  the  area  of  that  part  of 
the  valve  actually  receiving  pressure. 

For  reasons  which  will  be  hereafter  mentioned,  this  safety-valve  was 
used  in  the  measurements  of  the  highest  pressures  employed,  not,  how- 
ever, without  previous  comparison  with  another  gauge  designed  to 
avoid  the  defects  just  mentioned,  and  specially  constructed  for  use  in 
these  experiments.  It  will  be  called  the  valvular  gauge^  for  convenience 
of  distinction  from  other  gauges  to  be  subsequently  described. 

Fig.  3  (Plate  III)  presents  a  front  elevation  of  this  instrument,  and 
Fig.  4  (Plate  IV)  gives  a  section  at  right  angles  to  the  plane  of  projeo- 
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tion  in  Fig.  3  of  the  valve  and  the  parts  most  nearly  conne(;t^l  with  it, 
on  a  larger  scale.  The  valve,  marked  Y,  and  represented  separately  in 
Fig.  5,  is  of  hardened  steel,  and  is  inserted  in  a  stem  of  steel,  D,  which 
is  supported  on  its  sides,  at  it«  up]>er  end,  bypassing  through  the  screw 
A  in  the  cross-piece  B.  The  lower  jmrt  of  the  valve  enters  the  cavity  e 
a  short  distance,  closing  it  by  conbict  with  the  sides  of  its  circular  ori- 
fice. This  cavity  receives  the  liquid  transmitting  the  pressure,  which  is 
communicated  through  the  tube  C.  The  block  E,  into  which  the  cavity 
is  drilled,  is  also  of  casts  teel  and  hardened  at  its  upper  part.  The 
valve  wiis  ground  to  its  seat  with  flom*  of  emery  and  finished  with 
crocus,  by  rotating  it  in  its  place.  The  screw  through  which  the  upper 
end  of  the  valve-stem  passes  is  fitted  to  a  tapering  hole  in  the  cross- 
piece,  and  being  slittetl  through  its  axis,  the  i>art«  which  support  the 
stem  m«jy  be  made  to  approximate  each  other  at  ple^isure.  Both  the 
upper  part  of  the  stem  and  the  bearing  i>arts  of  the  screw  are  temi)ered 
and  i)olished,  and  the  adjustment  is  such  a^  to  avoid  friction  and  oscil- 
lation in  any  percej)tible  degree.  The  valve  V  has  a  conical  cavity,  r, 
at  its  upper  side,  to  receive  the  i>oint  /  of  the  hook  F,  by  which  the 
weights  with  which  the  valve  is  to  lie  loaded  are  suspended.  This 
point  is  also  conical,  being  slightly  more  acute  than  the  apex  of  the 
cavity,  which  last  is  situated  a«  accurately  as  possible  over  the  center  of 
the  area  receiving  the  pressure  of  the  liquid.  The  form  of  the  valve  is 
the  result  of  several  trials,  and  although  from  its  general  shape  it  might 
be  expected  to  wedge  into  its  seat,  it  is  not  found  to  do  so,  but  is  raised 
after  hard  pressure  with  no  more  force  than  is  required  to  lift  its  weight. 
The  bearing  surface  of  the  valve  in  contact  with  its  seat  is  too  narrow 
to  allow  of  easily  determining  its  precise  form.  The  block  E,  into  which 
the  cavity  e  is  drilled,  is  supported  by  the  iron  frame  H  H  (Fig.  3), 
which  rests  on  the  larger  wooden  one,  K  K. 

Three  scale- pans  of  difterent  sizes,  for  receiving  the  weights,  are  re- 
quired, as  the  larger  ones  would  alone,  in  some  cases,  be  too  heavy  forthe 
desired  pressure.  The  lightest.  Fig.  0  (Plate  V),  is  used  for  pressures 
not  more  than  rAH)  pounds  to  the  square  inch;  the  medium  (Fig.  7),  for 
pressures  from  5(H)  to  0()0  pounds;  the  heaviest,  J,  Fig.  3  (Plate  111), 
designed  for  higher  i)i'essures,  is  reprejsented  as  suspended  in  place  by 
the  hooks  F  L.  In  order  to  avoid  danger  of  injuring  the  instrument  in 
placing  large  weights  on  the  scale,  it  is  detached  by  raising  it  with  a 
lever  inserted  under  the  ])in  I  in  the  lower  hook,  using  JVI  as  a  fulcrum, 
and  turning  back  the  loop  G,  when  it  may  be  allowed  to  rest  on  supports 
placed  under  it.  Six  50-pound  weights,  four  of  10-pound,  and  one  of 
3  pounds,  represented  in  Figs.  8,  9, and  10  (Plate  V),  were  made  for  use 
with  the  instrument.  They  jvre  of  cast  iron,  turned  and  a<ljusted  by 
comparison  with  the  standards  at  Trenton,  furnished  to  the  State  of 
New  Jersey  by  the  United  States  Department  of  Weights  and  Me>as- 
ures.  The  smaller  weights  nuide  use  of  wei'e  not  all  of  exactly  their 
nominal  weight,  but  where  ditterences  existed  they  were  accurately 
known.  The  weights  of  the  valves,  hooks  and  scales  were  also  carefully 
ascertained. 

A  comparison  of  the  pressure  of  a  column  of  mercury  of  known 
height  with  the  weight  on  the  valve  of  the  gauge  required  to  balance  it, 
was  adopted  as  the  most  accurate  method  of  determiuing  the  relation 
between  the  weights  to  be  placed  on  the  scales  and  the  desired  pressures 
per  square  inch.  It  therefore  became  necessary  to  construct  an  instru- 
ment for  the  purpose. 

The  mercurial  pressure-gauge  consists  of  a  cistern  of  glass  containing 
mercury,  and  a  series  of  per)>endicular  glass  tubes  attached  to  a  gradu- 
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ated  staff  and  joined  continuously  together,  extending  to  the  height  of 
52  feet.  The  tubes  are  so  connected  with  the  cistern  that  by  pressure 
upon  the  surface  of  the  mercury  it  may  be  forced  to  ascend  the  tubes. 

In  Figs.  11  and  12  (Plate  VI),  C  represents  the  cistern,  which  is  con- 
nected at  the  bottom  to  a  foot,  B,  by  which  it  is  securely  attached  to  tbe 
floor  of  the  basement,  through  the  intervention  of  the  piece  of  timber, 
A.  An  iron  cap,  D,  is  cemented  to  its  neck,  and  is  drill^  so  a«  to  afford 
continuous  passages,  through  the  tubes  c  (Fig.  12)  and  <?(Fig.  11),  from 
near  the  bottom  of  the  cistern  to  the  foot  of  the  staff'  E,  and  from  the 
orifice  8  (which  is  connected  with  the  source  of  pressure)  to  the  surface 
of  the  mercury  within.  The  tube  c  is  of  glass,  cemented  intO'  thie  c^ 
D,  and  terminates  near  the  bottom  of  the  cistern,  d  i»  an  iron  tube 
screwed  tightly  into  the  cap,  and  forming  the  communication  between 
the  cistern  and  tubes  for  receiving  the  column  of  mercury.  These  tubes 
are  supported  by  a  wooden  staff*  composed  of  five  pieces  (one  to  each 
tube),  provided  at  their  ends  with  suitable  coupling-irons  and  screws 
for  joining  them  together,  as  representeil  in  Figs.  13  and  14,  in  which  B 
and  B  are  the  staff,  F  F,  Fig.  13,  the  tubes,  and  G  G  the  couplings. 
Fig.  15  is  an  end  view  of  one  of  the  pieces,  showing  the  horizontal  out- 
line of  the  coupling  and  (by  the  inner  dotted  lines)  a  horizontnl  section 
of  the  staff.  A  broad  angular  groove  in  the  front  side  of  tlie  staff 
allows  the  tubes  a  protected  situation.  Each  tube  is  a  little  shorter 
than  the  section  of  staff  to  which  it  is  attached,  extending  nearly  through 
the  castings  at  the  ends,  into  which  they  were  at  first  cemented.  It  was, 
howev^er,  found  necessary  to  substitute  stuffing-boxes,  one  of  which  is 
represented  in  section,  Fig.  10.  Two  rings,  one  of  vulcanized  India 
rubber  and  one  of  leather,  fornuHl  the  stuffing.  The  faces  of  the  coup- 
lings adjoining  each  other  were  brought  to  a  plane  surface  in  the  lathe, 
and  the  joining  of  the  tubes  made  perfect  by  interposing  a  ring  of  very 
thin  sheet-rubber  before  screwing  the  couplings  together. 

The  glass  tubes  were  drawn  tor  the  purpose,  and  those  most  nearly 
alike  in  diameter  of  bore  were  selected,  to  equalize,  as  nearly  as  possi- 
ble, the  effect  of  capillary  repulsion.  Their  internal  diameter  is  about 
one- tenth  of  an  inch. 

The  staff*  is  marked  into  divisions  of  one  foot  in  length,  the  measure- 
ments being  transferred  with  much  care  from  a  rule  divided  at  the 
United  States  Department  of  Weights  and  Measures.  A  short  scale^ 
divided  into  inches  and  fractions,  was  used  for  measuring  the  height  of 
the  mercurial  column  between  these  lines.  Pressure  was  applied  by 
means  of  the  pump  represented  at  M,  Fi^.  17  (Plate  VII),  which  need 
not  be  described. 

Although  the  cementing  of  the  cap  to  the  cistern  was  tested  at  a 
highei*  pressure  than  it  could  receive  in  the  use  for  which  it  was  de- 
signed, it  failed  to  remain  tight — a  defect  which  it  became  necessary  to 
remedy  by  a  kind  of  stuffing-box  applied  to  the  neck  of  the  cistern, 
which  it  is  not  thought  necessary  to  represent  in  the  drawing.  A  signal- 
bell,  at  the  foot  of  the  instrument,  and  a  cord  running  up  by  the  side  of 
the  staff  to  the  garret,  afforded  means  of  communication  from  the  ob- 
server above  to  the  operator  below.  When  the  arrangement  was  com- 
pleted, the  control*  of  the  height  of  the  column  was  such  as  to  allow  of 
giving,  at  pleasure,  many  varying  degrees  of  convexity  to  the  surface 
of  the  mercury  rising  from  the  end  of  the  topmost  tube  when  full. 

Five  thermometers,  hanging  against  the  staff*  (one  in  each  story  of  the 
building),  were  employed  to  ascertain  the  temperature  of  the  column. 

The  8i>ecific  gravity  of  the  meitjury  made  use  of,  according  to  my  de- 
termination, was,  at  00°,  13.589,  water  at  60°  being  1. 
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In  computing  the  pressure  of  the  colanm,  its  height  from  the  surface 
of  the  mercury  in  the  cistern  was  taken,  aud  the  counteracting  pressure 
of  the  weight  of  the  oil  by  which  the  pressure  was  applied  was  allowed 
for  in  proportion  to  its  height  and  specitic  gravity. 

The  first  comparisons  between  the  valvular  and  mercurial  pressure- 
gauges  were  made  by  placing  them  in  direct  communication  with  each 
other  and  the  pump — a  mode  which  for  accuracy  leaves  nothing  to  be 
desired ;  but,  on  account  of  the  tediousness  and  expense  of  resorting  to 
the  mercurial  gauge  (which  was  unavoidably  located  about  three-quar- 
ters of  a  mile  from  the  workshop)  to  test  each  modification  of  the  valve, 
another  plan  was  afterwards  adopted. 

An  instrument  was  prepared  in  which  the  volume  of  air  at  the  tem- 
perature of  320  was  noted  ior  each  foot  in  height  of  the  mercurial  col- 
umn in  the  upper  part  of  its  scale.  Fig.  18  (Plate  YII)  represents  the 
instrument,  which  is  chiefly  of  glass.  The  pressure  is  communicated 
through  the  tube  B,  which  is  cemented  into  a  steel  connecting-screw,  A. 
£  is  a  quantity  of  mercury  transmitting  the  pressure  to  the  air  to  be 
compressed,  which  is  principally  contained  in  the  part  F  at  the  ordinary 
pressure  of  the  atmosphere,  but  under  pressiu^e  occupies  only  the  tube 
O,  or  a  x>ortion  of  it.  This  tube,  though  nearly  cylindric  exteriorly,  has 
a  tapering  bore,  largest  at  the  bottom,  and  vanishing  at  c — the  design 
being  to  equalize  as  far  as  possible  the  spaces  representing  equal  incre- 
ments of  the  height  of  the  mercurial  column.  The  scale  D  is  of  brass, 
divided  into  160  parts,  and  attached  to  tJie  tube  by  two  bands.  Ou)y 
the  upper  one,  <7,  pinches  the  tube,  to  avoid  its  displacement  by  the  ex- 
pansions and  contractions  occurring  with  changes  of  temperature.  To 
detect  any  error  in  the  position  of  the  scale,  a  mark  is  made  on  the  tube, 
corresponding  with  the  top  of  the  sale.  Fig.  17  represents  the  arrange- 
ments for  the  use  of  the  instrument.  C  is  a  water-bath,  in  which  it  isi 
surrounded  by  a  current  of  ice-cold  rain-water  flowing  f]x>m  the  pail  A, 
and  passing  out  from  the  bottom  of  the  bath  by  a  siphon  not  shown  in 
the  figure.  The  bath  is  a  glass  tube  closed  at  the  bottom,  attached  to  a 
foot,  D,  and  furnished  with  a  wooden  dish,  B,  at  the  top.  The  water 
escaping  by  the  siphon  runs  upon  ice,  and  is  returned  at  frequent  inter- 
vals to  the  pail.  Both  this  and  the  dish  at  the  top  of  the  bath  are  con- 
stantly supplied  with  ice.  E  and  G  are  tubes  communicating  between 
the  ah* pressure  gauge  and  the  pump,  and  also,  through  the  tube  F,  with 
the  mercurial  or  with  the  valvular  pressui^-gauge,  as  desired.  The  cup 
K  is  used  for  replenishing  the  pump  with  oil — the  liquid  used  for  com- 
municating pressure.  A  screw-cock,  L  (nearly  concealed,  in  the  draw- 
ing, by  other  parts  of  the  apparatus),  is  interposed  between  the  pump 
and  the  gauges.    H  is  a  stand  for  the  support  ot  the  cock. 

The  instrument  just  described  (distinguished  by  the  name  of  *^  air- 
gauge"),  when  graduated  by  comparison  with  the  mercurial  gauge,  could 
be  depended  on  for  indications  substantially  identical  with  those  of  the 
latter,  and  saved  much  labor  in  the  work  of  perfecting  the  valvular 
gauge,  which  involved  many  alterations.  This  last  instrument  could; 
of  course,  only  be  compared  with  the  others  mentioned  within  the  limits 
of  their  range  of  pressures,  which  was  but  little  more  than  twenty 
atmospheres.  These  comparisons  were,  however,  sufficient  to  establish 
the  ratio  between  pressures  indicated  and  weights  applied.  After  the 
form  of  the  valve  was  changed  to  that  shown  in  the  drawing  (Fig.  4) 
already  referred  to,  its  action  was  very  uniform.  A  weight  of  59.323 
grains  on  the  area  of  the  valve  was  found  equivalent  to  a  pressure  of 
one  pound  per  square  inch. 

As  a  test  of  the  uniformity  of  the  action  of  the  valvular  gauge  at 
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pressures  somewhat  higher  than  the  mercurial  gauge  could  indicate,  it 
was  connected  with  the  manometric  gauge  shown  in  Fig.  10,  which  Wik^ 
capable  of  indicating  a  pressure  of  one  hundred  atmospheres,  and,  hav 
ing  been  constructed  very  accurately,  it  also  served  to  give  coiTobora 
tive  evidence  of  the  accuracy  of  the  computed  relations  between  the 
pressure  per  square  inch  and  the  weights  on  the  valve. 

A  table  was  prepared,  giving  the  weight  in  grains,  which  must  W 
placed  in  the  appropriate  scale  for  each  100  pounds  per  square  inch  ui« 
to  15,000  pounds.  It  may  be  well  to  remark  that  all  the  arithmetical 
opei'ations  were  proved.  It  was  customary  also  that  the  individual 
weights  employed  for  a  given  pressure  should  be  designated  by  two  per- 
sons sei^arately,  to  avoid  errors. 

Having  now^  a  reliable  means  of  measuring  the  pressures  to  be  apphe<K 
we  pass  to  the  experiments  relative  to  the  compression  of  oil. 

However  reasonable  a  confidence. in  the  indications  of  the  steel  pie- 
zometer before  described  might  be  in  such  experiments,  thei'e  was  one 
query  in  regard  to  them  which  it  was  desirable  to  answer  conclusively: 
"  Does  not  enough  leakage  occur  about  the  piston,  during  the  compara- 
tively longtime  required  for  an  experiment  on  compression,  to  seriously 
lessen  the  recorded  amount !  ^ 

The  most  satisfactory  reply  to  all  doubts  of  this  kind  was  evidently  to 
be  found  in  an  indei>endent  exiieriment,  free  from  the  conditions  which 
might  be  deemed  objectionable  in  the  use  of  the  instrument  mentioned ; 
and  if  the  progress  of  compression  could  be  actually  seen  up  to  a  very 
considerable  pressure,  it  was  evidently  desirable.  The  apparatus  which 
will  now  be  described  was  dcAised  with  that  object. 

It  consists,  principally,  of  a  glass  instrument  for  containing  the  oil 
subjected  to  experiment,  and  a  receiver  inclosing  it,  provided  with  win- 
dows through  which  the  changes  of  volume  could  be  ^iewed  up  to  a 
pressure  of  10,000  pounds  per  square  inch. 

The  glass  instrument  is  represented  (in  full  size)  in  Fig.  20  (Plate 
VIII).    It  is  a  graduated  tube,  terminating  in  an  elongated  bulb,  C,  and 
having  a  piston,  p,  fitted  to  its  bore,  which  is  very  nearly  0'.038  in  diam- 
ter.    The  tube  was  selected  as  having  a  uniform  bore,  and  the  divisions 
were  marked  by  means  of  a  dividing  machine.    When  carefully  tested 
by  columns  of  mercury,  occupying  successively  different  parts  of  the  bore, 
they  were  found  to  be  of  apparently  uniform  capacity.    The  numbering 
commences  at  the  bottom,  and  the  lines  and  figures,  which  are  cut  upon 
the  glass,  were  blackened  to  render  them  more  conspicuous.    The  capac- 
ity of  the  bulb  and  tube  to  0  of  the  scale  equals  3566.3  divisions  of  the 
tube.    Fig.  21  represents  the  piston  and  a  portion  of  the  tube  on  an  en- 
larged scale.    The  groove  m  is  occupied  by  a  ring  of  mercury,  which,  ^s 
a  result  of  the  cohesion  of  its  particles  and  consequent  tendency  to  as- 
sume a  surface  the  most  nearly  spherical  which  its  position  will  permit, 
acts  as  a  most  perfect  packing  for  such  extremely  small  pressure  as  is 
required  to  overcome  its  friction.    The  sharp  outline  of  the  lower  side  of 
the  piston  is  favorable  to  accurate  observation.    The  proper  proportion 
between  the  bore  of  the  tube  and  the  capacity  of  the  bulb  was  learned 
from  previous  experiments.    A  rack,  B  (the  teeth  of  which  are  on  the 
side  not  in  view),  is  attached  to  the  piezometer  by  a  band.  A,  and  when 
acted  on  by  a  pinion  connected  with  the  receiver  in  which  the  instrument 
is  inclosed  during  the  experiments,  serves  to  bring  any  desired  portion 
of  the  graduated  tube  opposite  the  windows  for  observation. 

The  receiver  is  represented  in  Fig.  22.    Two  iron  tubes,  F  and  K,  are 


REPORT  OF  THE  CHIE^  OF  ORDNANCE.         239 

screwed  into  the  opposite  sides  of  a  central  block  of  iron,  G,  which  is 
cubic  in  its  general  form,  but  has  short  cylindrical  projections  from  tlie 
upper  and  lower  sides,  into  which  the  tubes  are  inserted.  The  block  is 
drilled  through  vertically,  making  a  communication  between  the  tubes 
of  the  full  size  of  their  bores.  The  outlines  of  the  bores  of  the  tubes  and 
other  parts,  as  they  would  be  seen  in  section,  are  given  in  dotted  lines. 
The  lower  end  of  the  tube  K  is  closed  by  a  solid  steel  screw,  L.  To  tlie 
upper  end  of  the  tube  F  is  fitted  a  steel  screw,  E,  drilled  through  its 
center,  and  connecting  the  receiver  to  the  brass  tube  D  communicating 
with  the  compressingL  pump  and  pressure-gauge.  Two  glass  windows, 
one  for  observation  and  the  other  for  the  admission  of  the  necessary 
light,  are  situated  in  two  oi>i>osite  sides  of  the  block  G.  The  position  of 
one  is  shown  at  J.  They  are  made  in  the  form  of  a  truncated  cone  (but 
having  their  bases  chamfered,  as  represented  in  Fig.  23),  and  are  fitted 
to  conical  cavities  with  their  bases  inward.  Fig.  24,  which  is  a  horizontal 
section,  at  full  size,  through  the  center  of  the  windows  (as  well  as 
through  the  axis  of  the  pinion),  will  give  an  idea  of  the  manner  in  which 
they  are  inserted;  N  and  N  are  the  glasses.  The  shaft  O  of  the  pinion 
P  is  fitted  into  the  screw  II,  entering  the  side  of  the  receiver  in  a  mode 
which  will  he  understood  by  inspection  of  the  drawing.  The  outer  end 
of  the  shaft  is  squared,  to  be  received  into  a  socket.  The  rack  attached 
to  the  glass  piezometer  is  held  into  gear  with  the  pinion  by  a  portion  of 
the  inner  end  of  the  screw  brought  into  the  form  of  a  guide  for  that  pur- 
pose. A  portion  of  the  rack  with  the  pinion  is  represented  in  Fig.  25.* 
The  water-bath  for  regulating  the  temperature  of  the  receiver  and  ite  con- 
tents is  represented  in  Fig.  26.  It  is  a  rectangular  box,  made  of  sheet  tin, 
and  incased  in  ^inch  boards.  It  has  windows  to  correspond  with  those  of 
the  receiver.  The  receiver,  of  which  the  position  is  shown  by  the  dotted 
lines  is  supported  by  a  shelf  immediately  below  the  windows,  having  a 
circular  hole  to  receive  it.  A  short  tube,  E,  projects  from  the  side  of  the 
bath,  opposite  to  the  shaft  of  the  pinion.  Into  this  is  inserted  a  cork, 
through  which  is  passed  a  shaft,  S,  having  a  socket  to  fit  the  squared  end 
of  the  pinion-shaft,  and  a  milled  head,  T.  by  which  it  may  be  turned. 

The  glass  piezometer  is  filled  with  oil  for  compression  by  forcing  it 
through  a  small  tube  descending  through  the  bore  and  nearly  to  the  bot- 
tom of  the  bulb  of  the  instrument,  which  is  placed  perpendicularly  to 
permit  the  escape  of  the  air.  The  stream  of  oil  must  be  continued  while 
the  small  tube  is  withdrawn,  so  that  it  may  leave  no  vacuity. 

The  introduction  of  the  piston  with  its  packing  is  accomplished  thus: 
After  placing  the  instrument  horizontally,  a  small  quantity  of  mercury 
^enough  to  occupy  a  space  two  or  three  times  the  diameter  of  the  bore 
m  length)  is  made  to  occupy  the  intended  place  of  the  piston  by  the  aid 
of  a  suitable  syringe.    The  piston  is  then  introduced  and  passed,  by 

*  In  first  testing  this  receiver  by  pressure,  the  glass  inserted  in  the  screw  M  began 
to  show  signs  of  fracture  at  a  pressure  of  about  5,000  pounds  per  square  inch,  but  kept 
in  its  place,  leaking  not  faster  than  a  drop  per  minute,  at  a  pressure  of  nearly  10,000 
pounds.  Chi  removing  the  glass  it  was  found  to  be  split  into  curved  laminsB,  forming 
arches  from  opposite  sides  of  the  cavity  to  which  it  was  fitted.  The  parts  were  not 
entirely  separated,  but  adhered  in  their  original  form.  From  the  appearance  of  the 
fracture  it  was  supposed  that  the  fitting  had  not  been  sufficiently  exact,  and  another 
glass  was  fitted  witlb  special  care.  This  began  to  fail  at  about  the  same  pressure  as 
the  other,  and  at  a  pressure  between  7,000  and  8,000  pounds  per  square  inch  it  shot 
from  its  place,  being  crushed  into  sand.  After  a  renewed  examination  into  the  cause 
of  failure,  it  was  found  that  the  steel  screw  into  which  the  window  was  fitted  was 
slightly  sprung  from  its  proper  form  in  consequence  of  a  want  of  sufficiently  accurate 
workmanship.  This  was  remedied  and  another  glass  fitted,  which  remains,  as  doea 
the  one  in  the  opposite  side  of  the  receiver,  without  visible  injury. 
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means  of  a  wire,  through  the  oil,  meetiug  with  extremely  slight  resU 
auce  uutil  it  reaches  the  mercury.  Wheu  it  touches  the  mercury,  th<> 
open  end  of  the  instrument  should  be  depressed,  and  the  piston  pushed 
in  until  there  remains  but  a  very  small  globule  which  has  not  passed  tbe 
inner  face  of  the  piston^4ts  grooves  being  filled.  The  diameter  of  tk 
globule  may  be  estimated  very  nearly  by  comparison  with  the  bore  of 
the  tube,  and  allowance  made  for  the  diminution  of  the  capacity  of  tlif 
instrument  which  it  occasions.  Its  compressibility  difters  so  little  froco 
that  of  the  glass  that  the  amount  would  be  inappreciable.  The  mercary 
which  has  passed  the  piston  should  be  removed  by  a  syringe  and  tW 
instrument  returned  to  its  peq^endicular  position,  when  the  globole  k- 
fore  mentioned  will  of  course  fall  to  the  bottom. 

Before  placing  this  instrument  in  the  receiver,  its  open  end  was  cov 
ered  by  a  loosely-fitting  cap,  to  prevent  the  little  particles  liable  to  be 
washed  from  the  connecting-tubes  from  entering  it  and  perhaps  doggiog 
the  piston  in  its  upward  movements. 

When  the  instrument  was  properly  inclosed,  the  rack  being  attached 
to  it  and  in  gear  with  the  pinion,  the  remaining  space  in  the  receiverwa^ 
filled  with  oU,  and  the  whole  was  placed  in  the  bath,  as  represented  io 
Fig.  26;  connected  with  the  pump  and  pressure-gauge;  and  covered  witli 
water  at  the  temperature  of  60^  Fahr.,  which  was  the  temperature  em 
ployed  in  the  first  experiments.  Any  perceptible  variation  from  tbi< 
was  corrected  or  prevented  by  the  addition  of  small  quantities  of  wm 
at  a  lower  temperature,  the  apartment  being  a  few  degrees  warmer  than 
the  bath.  The  water  was  put  in  frefpient  motion  by  a  dasher  diov^ 
perpendicularly,  that  the  heat  might  be  equably  distributed.  A  ^^  cheoi 
ical  thermometer ''  of  tolerable  accuracy  was  used  to  determine  the  tem- 
perature (the  same  which  was  made  the  standard  in  the  use  of  the  guus , 
and  was  constantly  viewed  in  the  same  position. 

At  &P  the  oil  stood,  before  the  application  of  pressure,  at  195.9  on  the 
scale  of  the  instrument.  The  decimal  parts  of  a  division  are  given  from 
estimation  only,  but  a  practiced  eye  need  never  make  anerror  of  0.1.  The 
attainment  of  the  desired  pressure  in  any  case  was  known  with  e^iual 
readiness  to  both  the  person  working  the  pump,  whose  duty  it  was  to 
observe  the  pressure-gauge  also,  and  the  observer  of  the  compression^ 
to  the  former  by  the  ratlier  sudden  escape  of  a  little  oil  at  the  valve,  and 
to  the  latter  by  a  corresponding  short  retrocession  of  the  piston.  Aft<*r 
first  bringing  the  pressure  to  the  desired  degree,  it  was  slowly  repeateJi 
several  times,  to  aitord  an  opportunity  for  accurate  observation  of  tbe 
lowest  point  attained,  which  was  immediately  noted. 

The  experiments  on  the  compression  of  oil  at  50°  were  maile  in  y^ 
cisely  the  same  way  and  without  any  alteration  of  the  apparatujj.  Tin' 
irregularity  occurring  between  the  pressures  of  7,600  pounds  and  8,(Hf" 
pounds  induced  a  repetition  of  that  part  of  the  experiments,  but  no  ern>r 
could  be  found  in  the  weights  or  otherwise. 

The  following  table  gives  the  height  of  the  oil  in  the  instrumeut  ;»' 
given  pressures  and  both  temperatures : 
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Compretsian  of  oil  uiukr  visual  observation. 


Preuure. 

Height  of  oil  in  dlviaiona  of  instrument. 

AtOOof^Bhrenheit 

At  WP  Fahrenheit. 

Pounds  per  sqiwre  inch. 

(1  division : 

=  37aJ.2*»^^°^^«-> 

(1  division 

^  3746.1  "^^^"""^ 

0 

105.9 

180.1 

500 

189.5 

173.6 

600 

188.0 

700 

186.4 

800 

185.3 

SOO 

• 

183.8 

1,000 

182.4 

167.9 

1.560 

177.0 

162.4 

2,000 

1 

17a  2 

15&0 

2,500 

163.4 

148.6 

8,000 

1 

157.5 

142.5 

8,500 

15L8 

188.5 

4,000 

145.7 

132.9 

4,500 

140.0 

% 

127.0 

5,000 

1 

184.1 

180.2 

5,500 

128. 6 

114.9 

6,000 

123.3 

100.9 

6,500 

118.0 

104.1 

7,000 

112.6 

98.9 

7,500 

1 

106.8 

98.9 

8,000 

. 

102.9 

83.5 

8,500 

1 

96.2 

77.9 

8,000 

t 

81.1 

71.3 

9.500 

1 
1 

85w9 

65.0 

10,000 

1 

8a8 

59.8 

The  limits  of  the  strength  of  the  connecting  tubes  were  known  not  to 
much  exceed  10,000  pounds  per  square  inch,  and  for  that  reason  the  pres- 
sure was  not,  at  first,  carried  higher;  but  after  completing  these  experi- 
ments it  was  attempted  to  increase  it,  and  the  result  was  t£e  bursting  of 
one  of  the  tubes.  After  replacing  this,  the  trial  was  renewed  with  the 
same  result.  The  remaining  experimentis  were  made  with  the  steel  piezom- 
eter inclosed  in  the  cast-steel  receiver  represented  in  Pig.  27,  which  could 
be  connected  with  the  pump  by  a  much  stronger  tube.  The  absence  of 
tubes  of  sufficient  strength  for  connecting  the  pump  with  the  valvular 
gauge  led  to  the  use  of  the  safety-valve  of  the  pump  for  measuring  the 
higher  pressures.  That  this  might  be  done  with  as  much  accuracy  as 
possible,  careful  comparisons  were  made  between  it  and  the  firat-named 
gauge  up  to  10,000  pounds.  The  piezometer  was  filled  and  set  in  the 
same  manner  as  for  use  in  the  gun.  The  receiver  was  immersed  in  a 
water-bath  kept  at  the  proper  temperature. 

The  pressures,  temperatiu*es,  and  length  of  stroke  are  given  below. 

Comprtssion  of  oil  in  steel  piezometer. 


Presenre. 

Length  of  stroke  at— 

Per  square  inch.               i 

60O 

50O 

Pounds, 
10,000 
15,000 
20,000 
25,000 

Inshet, 
0.2148 
0.2780 
0.3656 

Irtehss. 

0.2401 
0.3266 
0.4108 
0.5670 

A  comparison  of  the  apparent  compression  of  the  oil  in  the  glass  in- 
strument with  that  of  the  oil  in  the  steel  piezometer  at  the  same  tem- 
perature and  pressure  ((HP  and  10,000  i>ound8  per  square  inch),  shows 
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it  to  be  greater  in  the  latter  instrament — a  variation  which  is  in  the 
opposite  direction  from  that  which  would  occur  from  leakage  of  the 
piston  during  compression. 

In  the  glass  instrument  the  apparent  compression  amounts  to  3.059 
per  cent. ;  in  the  steel  one  (as  computed  from  the  weight  of  oil  contained, 
its  specific  gravity  and  consequent  volume,  and  the  measured  diameter 
of  the  piston)  to  3.273  per  cent. — ^the  difference  being  about  one-fifteenth. 
This  may  be  accounted  for  by  supposing  the  steel  to  be  less  compressi- 
ble than  the  glass  to  that  extent. 

It  was  thought  most  proper  to  assume  the  strokes  of  the  steel  pie- 
zometer to  be  the  true  indices  of  the  pressure  to  which  it  was  subjected, 
and  to  consider  the  indications  of  the  glass  instrument  as  proportional. 
In  accordance  with  this  idea  the  following  table  was  made,  which  pre- 
sents the  compression  as  observed  in  the  glass  piezometer  in  multiples 
of  the  capacity  of  one  division  of  the  tube,  and  the  corresponding 
stroke  of  the  steel  piezometer. 

CompreasihiUty  of  ail  in  glcBs  and  in  steel  piezometer  compared. 


Pleasure. 

Compressibility  at  60°  in— 

Compressibility  at  50°  in— 

Pounds  per  square 
inch. 

Multiples  of 

Stroke  of  steel  pie- 
zometer. 

Multiples  of 
3746.4 

Stroke  of  pi^ome- 
ter. 

3762.2 

500 

eoo 

700 
800 
000 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4,500 
5,000 
5,500 
6,000 
0,500 
7,000 
7,500 
8,000 
8»500 
9,000 
0.500 
10,000 

6l4 

7.9 

0.5 

10.6 

12.1 

13.5 

18.0 

25.7 

32.5 

8&4 

44.6 

50.-2 

55.9 

61.8 

67.3 

72.6 

77.9 

83.9 

80.1 

•     93.9 

99.7 

104.8 

110.0 

116.1 

Inchsi. 

0. 01194 
.  01474 
.01773 
.01978 
.02258 
. 02519 
.03527 
.04796 
.06065 
.07166 
.08324 
.09369 
.1043 
.1185 
.1256 
.1355 
.1456 
.1566 
.1663 
.1752 
.1861 
.1956 
.2053 
.2148 

6.5 

**i2.'2 

17.7 

25.1 

31.5 

37.6 

41.6 

47.2 

53.1 

69.9 

65.2 

70.2 

76.0 

81.2 

86.2 

96.6 

102.2 

108.8 

115.1 

120.3 

Inchea. 
0.01297 

".'02435 
.03583 
.0501 
.06287 
.07505 
.08303 
.09421 
.10598 
.11956 
.13014 
.14011 
.15169    . 
-      .16207 
.17225 
.19281 
.20399 
.  21716 
.22074 
.2401 

In  order  to  give  these  results  a  form  in  which  they  would  be  easily 
applicable,  they  were  expressed  by  geometrical  constructiou,  on  the  same 
scale  as  they  are  given  in  the  accompauying  diagram  (Plate  IX),  on  plan- 
paper  accurately  printed,  in  squares  of  Vb  ii^ch,  from  an  engraved  plate. 
The  line  of  compression  at  &P  is  drawn  in  full  line,  and  at  50^  in  dotted 

line. 

As  will  be  seen  by  inspection  of  the  diagram,  pressure  is  represented 
by  horizontal  distance,  and  compression  by  vertical.  Each  tenth  of  an 
inch  of  the  stroke  of  the  piezometer-piston  is  represented  by  two  inches 
of  vertical  measurement,  and  each  thousand  pounds  by  one  inch  hori- 
asontally. 

The  pressures  in  the  table,  subsequently  given,  of  the  results  of  ex- 
periments on  the  pressure  of  fired  gunpowder,  were  taken  from  this 
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geometrical  table,  whicbmay  be  read  with  considerable  certainty  to  inter- 
vals of  five  pounds. 

There  remains  to  be  noticed  in  this  connection  the  necessity  of  a  cor- 
rection of  the  pressure  as  derived  from  the  length  of  the  stroke  of  the 
piezometer  when  produced  by  the  sudden  action  of  gunpowder.  The 
compression  of  a  fluid  is  attended  with  the  evolution  of  more  or  less  heat* 
K  the  compression  is  slowly  produced,  and  the  fluid  is  in  contact  with 
good  conductors,  the  heat  so  generated  will  be  carried  off  nearly  as  fast 
as  it  is  produced,  and  no  perceptible  elevation  of  temperature  may  result. 
If,  however,  the  compression  is  suddenly  effected,  the  heat  evolved,  hav- 
ing no  time  for  diffusion,  elevates  the  temperature.  This  rise  of  tem- 
X)erature  reduces  the  extent  of  compression  by  an  amount  equal  to  the 
expansion  which  would  be  due  to  that  temperature  applied  to  the  fluid 
under  the  pressure  employed.  The  amount  of  this  diflerence  has  not  yet 
been  ascertained,  but  da^  which  lack  the  precision  necessary  to  exact 
results  indicate  that  the  correction  due  to  this  cause,  which  increases 
with  both  depression  of  the  temperaturo  of  the  liquid  compressed  and 
increase  of  pressure,  is  not  unimportant.  No  attempt  has  been  made, 
however,  to  introduce  this  correction  into  the  results  subsequently  pre- 
sented of  the  experiments  with  the  piezometer.  The  subject  has  been 
reserved  in  hope  of  future  experiments,  for  which  apparatus  has  been 
partially  prepared. 

We  now  arrive  at  the  exi)eriment8  in  which  the  piezometer  was  used 
to  record  the  compressions  produced  by  the  pressure  of  fired  gunpowder 
under  various  conditions,  and  from  which  the  pressures  were  to  be  de- 
rived. They  were  made  at  Washington  Arsenal,  District  of  Columbia, 
commanded  by  Maj.  Alfred  Mordecai,  whose  hearty  co-oi)eration  in  their 
conduct  demands  thankful  recognition. 

Two  six-pounder  guns,  one  of  iron,  the  other  of  bronze,  were  used  in 
these  experiments.  The  diameter  of  the  boro  of  each,  at  the  s^t  of 
the  shot,  was  3''.69,  very  nearly.  The  iron  gun  was  used  in  the  first 
three  experiments,  in  which  the  piezometer  was  attached  to  the  bottom 
of  the  bore.  It  was  afterward  pierced  through  its  side  to  receive  the 
piezometer  inclosed,  as  already  described,  in  a  hollow  steel  plug,  the 
center  of  the  opening  being  V'.5  forward  of  the  bottom  of  the  bore.  It 
was  used  in  this  form  in  several  experiments.  The  bronze  gun  was, 
however,  used  in  the  greater  number.  It  was  pierced  with  nine  holes  at 
different  distances  from  the  bottom,  beginning  at  1  inch  and  ending  with 
47.8,  as  shown  in  the  accompanying  drawing  (Plate  X)  and  specified  in 
the  accompanying  tables.  They  were  arranged  alternately  to  the  right 
and  left  of  the  central  vertical  plane,  in  the  upper  half  of  the  gun,  and 
inclined  45^  to  that  plane. 

A  solid  plug  was  fitted  to  each  hole,  and  wa^  withdrawn  onl}"^  to  per- 
nut  the  insertion  of  the  piezometer. 

Small  holes  to  receive  a  thermometer  with  an  elongated  bulb  were 
drilled  near  the  openings  mentioned  above,  extending  to  within  a  short 
distance  from  the  bore. 

Several  experiments  were  made  to  ascertain  pressures  in  a  musket 
barrel.  A  portion  of  the  bore  at  the  breech  end  was  enlarged  enough 
to  receive  the  piezometer,  and  was  separated  from  the  forward  portion 
by  a  ring  screwed  to  place  and  a  leather  disk  closing  its  opening,  as  de- 
scribed in  connection  with  the  hollow  plug.  The  piezometer  was  intro- 
duced from  the  rear,  the  surrounding  space  filled  with  oil,  and  the  breech- 
plug  inserted  afterward.  A  vent  of  the  normal  size  was  drilled  just 
forward  of  the  partition  formed  by  the  ring  and  disk  just  mentioned. 

It  has  already  been  intimated  that  the  temperature  at  which  the  pie- 
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zometer  was  set  was  that  at  which  the  gun  was  to  be  fired.  In  the  earlier 
experiments  the  method  by  which  it  was  intended  to  effect  this  was  hj 
inclosing  the  instrmnent,  ready  to  be  set,  in  the  gun  for  a  suffici^it  time 
to  equaUze  their  temperature — which  was  left  to  merelj^  atmospheric  in- 
fluences. The  instrument  was  then  withdrawn,  quickly  set,  and  returned, 
an:d  the  gun  fired  without  delay. 

It  was  afterward  found  that  tlie  gun  changed  its  temperature  sensiUy, 
from  changes  of  wind  and  sky,  in  shorter  intervals  than  was  supposed. 
To  avoid  the  errors  liable  to  arise  from  this  cause  the  practice  was 
changed.  The  instrument  was  set  at  a  determinate  temperature,  hi^e 
than  that  of  the  outside  air  but  lower  than  that  of  the  arsenal  worl- 
shops.  The  gun  was  run  into  the  shops  Tnear  by)  for  a  short  time  is 
the  interval  between  the  experiments  ana  made  slightly  wanner  tban 
the  firing  temperature.  The  piezometer  was  then  prox)erly  inserted,  tk 
gim  taken  outside,  and  when  cooled  to  the  proper  point  the  thermomet^ 
was  removed  and  the  gun  fired  by  a  primer  already  inserted. 

The  various  charges  used  in  the  experiments,  with  the  varied  circum- 
stances and  results,  are  given  in  the  following  table : 
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Measurements  of  bronze  gun  before,  during j  and  c^ter  the  ej^erimenls. 


• 

Diameters. 

Distance  from  muszle. 

■ 

Diameters. 

Distance  from  mnzEle. 

January 
17, 1855. 

January 
31,  1855, 
morning. 

* 

February 
13, 1855. 

January 
17, 1855. 

s-i 

,"eo  B 

February 
18,1865. 

• 

Indiet. 
.53 

Inches. 
a  69 
a  69 
a69 

a  69 

a  693 
a  608 
a  709 

a  710 

Inches. 
a  71 
a  71 
a  711 

a72 
a  715 

a  709 

a  715 

a  722 
a  735 
a722 
a  728 
a  733 
a  735 
a  730 
a  735 

Inches. 
a  72 
a  73 
a  743 

a  75 

a  752 
a  765 
a  758 
a  768 
a  770 

a  76 

a  757 
a  745 

a74 

a  735 

a  73 
a  72 

a  702 

Inches. 
35 

Inches. 

Indies. 

62 

34 

a682 

3.692 

aoM 

51 

33 

50 

32 

a683 

a6eo 

a69 

49 

31 

48 

30 

a68i  .  a  688 

aoo 

47 

28 

3.683 
a682 

aeoo 

a  685 

a  700 
a  712 

a  705 

a7oe 
a  090 

a688 
a  728 
a  760 

a  688 
a68D 
a686 
a686 
a730 

a  718 
a  714 
a  701 
aooe 

a  685 

a  710 

a  766 

8.685- 

46... 

26 

a682 

451  

24 

a  70 

45 

a  720 
a  725 
a726 

a  715 
a  71 
a  71 

22 

aoos 

44 

20 

a  71 

43 

18 

a  71 

42 

16 

a702- 

41 

14 

a702' 

40 

12 

ao9 

30 

10 

a60 

38 

a  70 

3.735 

6 

3.71 

87 

0 

a  75 

86 

aoo 

a  690 

a  608 

Length  of  bore,  54.8  inches;  ftom  flice  of  muzzle  to  reinforce,  28.84  inches;  length  of  reinforce,  27.7 
inches;  diameters  of  reinforce,  9  and  9.7  inches.    (See  Plate  X.) 

Measurements  of  iron  gun  before  and  after  the  experiments. 


Diameters. 

Distance  from 
muzzle. 

December 
14, 1854. 

a  CO 

Inches. 
46 

Inches. 
a  705 
a602 
a  699 
a692 
a  695 

ae95 

a  608 
a698 
a698 
a  699 
a  696 

.Inches. 
a  706 

aoo 
a  70 
ao95 

a  695 
a  605 
a  697 

a  69 

a  696 
a  696 
a607 

45 

44 

43 

42 

41 

40 ^ 

39 

88 

37 

36..., 

Distance  fhim 
muzzle. 


Inches. 

35 

34 

33 

32 

31. 

30 

29 

28 

27 

26 

25 


Diameters. 


Diameters. 


Inches. 
a  696 
a  700 
a  606 

a  700 

a  702 
a  693 
a  690 
a  685 
a  683 
a  683 
a  680 


In^es. 
a607 
a  608 
a607 
a608  I 

a  691 

a689 


a  685 


a680 


Distance  from 
muzzle. 


24. 
22. 
20. 
18. 
16. 
14. 
12. 
10. 

5. 

0. 


Inches. 


Inches. 
a680 


Inches. 

aoso 

a680> 

a68» 
a  71 

a702 
a  702^ 

aoo 
aoi 
a  71 
a  75 


Length  of  bore,  47.5  inches. 

It  will  be  noticed  that  in  four  instances  the  stroke  of  the  piston  wa& 
undetermined  in  consequence  of  the  ^'  vanishing  "  of  the  line  on  the  ]>is- 
ton-stem  without  distinct  termination.  After  a  little  consideration,  the 
cause  assigned  to  this  occurrence  was  that  under  particularly  heavy 
pressures,  producing  a  long  and  quick  stroke,  the  escape  of  the  oil  from 
the  tubular  support  of  the  marking-point  (caused  by  the  entrance  of  the 
piston-stem)  was  so  much  resisted  in  consequence  of  the  want  of  suffi- 
cient escape-holes  that  a  pressure  sufficient  to  wholly  counteract  that  of 
the  spring  on  the  marking-point  was  brought  to  bear  upon  it  from  within. 
That  this  was  a  correct  conclusion,  seems  to  have  been  attested  by  the 
results  following  the  enlargement  of  the  escape-holes,  as  noted  in  the 
table. 
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* 

According  to  out  experiments,  the  maximum  pressures  which  differ- 
enti)ortions  of  the  sides  of  the  bore  of  the  gnn  must  sustain,  with  a  given 
charge,  do  not  always  diminish  with  their  increased  distance  from  the 
bottom  of  the  bore.  This  has  been  thought  to  cast  doubt  on  the  correct- 
ness of  the  indications. 

That  the  pressure  at  each  particular  part  of  the  bore  does  not  regu- 
larly reach  its  height  and  continuously  decline,  will,  it  is  believed,  ap- 
pear from  an  examination  into  the  movements  of  the  gases  in  the  gun. 

To  begin  with  the  simplest  case,  we  will  suppose  the  gases  to  occupy 
a  space  which  remains  for  a  sensible  time  the  same.  That  the  tension 
of  the  gases  behind  the  ball  is  not  uniform  might  be  expected,  and  will 
appear  fix)m  the  indications  of  our  instrument  in  the  experiments.* 

The  average  pressure  indicated  at  different  distances  from  the  bottom 
of  the  bore,  the  charge  being  in  each  case  1^  pounds  of  powder,  in  a 
cartridge-bag,  and  one  6-pounder  shot,  is  given  below: 

Distance  from  the  Pressure  per 

bottom  of  bore.  sq.  in. 

1-inch  (bronze  gun) 20, 210  poande. 

li  "     (irongun; 18,150       " 

4     **     (bronzegun) 16,610       " 

The  condition  of  the  gases  will  be  represented  in  the  diagram  of  the 
bore  and  its  contents,  given  below,  by  marking  the  space  they  are  sup- 
posed to  occupy  with  lines  varying  in  breadth  according  to  the  tension. 

It  is  evident  that  a  difference 
of  tension  amounting  to  3,800  Fi^.l 

pounds   in   the  distance  of  3  jy|||i|||M^   ' ' — : 7 

inches  will  not  allow  the  gases  to  ■lllllllli^ ■'  ■  i 

remain  in  quiescence,  but  must  Tig-^ 

give  rise  to  vibrations  of  great  ||||||||H^       '  >^ 

force,  and  alternations  of  tension 

such  as  are  represented  in  the  diagrams  Ist  and  2d.    A  just  impression 

of  their  force  requires  the  recollection  that  the  weight  of  the  gases  is  the 

same  as  that  of  the  powder  from  which  they  were  generated. 


Evidences  of  vibration  are  to  be  seen  in  the  fnarks  on  some  of  the  piez- 
ometer wir^s.  llie  center  of  gravity  of  the  piston  does  not  lie  iu  the 
line  of  its  axis,  and  in  some  cases  the  recoil  of  the  gun  has  caused  a  par- 
tial rotation  of  the  piston  during  the  formation  of  the  line  on  its  stem. 
The  sketch  in  the  mai^^  represents,  proximately,  a  line  on  one  of  the 
wires  (as  it  appears  under  the  microscope),  the  piston  having  rotated 
nearly  90^  daring  its  formation.  The  effect  of  an  enlargement  of  the 
space  daring  the  vibration,  such  as  actually  occurs^  will  evidently  be  to 
increase  the  amplitude  of  the  vibrations  and  to  diminish  their  frequency 

*The  cause  of  this  difference  of  tension  will  be  found  in  the  reaction  of  the  expand- 
ing gases  of  the  forward  part  of  the  charge  npoh  that  in  the  rear ;  each  stratum  of 
powder  opposing  the  expansion  of  that  behind  it  not  only  by  its  dead  inertia,  but  by 
making  it,  so  to  speak,  a  point  ffappui  in  giving  motion  to  its  own  particles.  The 
effect  of  this  cause  is  strikingly  exhibited  by  the  pressures  exerted  near  the  bottom  of 
the  bore  by  different  blank  eharses.  The  pressure  indicated  by  the  piezometer  at  1 
inch  from  the  bottom  was :  with  li  lbs.  powder,  5,480 lbs.  per  square  inch ;  with  2  lbs., 
9,780 ;  with  3  lbs.,  14,820. 
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and  force.  The  amount  of  this  effect,  and  the  number  of  vibrations  oc- 
curring before  the  ball  leaves  the  gun,  will  depend,  other  things  bdog 
equal,  on  the  weight  of  the  ball.  The  figures  below  are  designed  to  iUos- 
trate  the  character  of  the  variations  of  tension  occurring  while  the  ball 
is  leaving  the  bore : 


■ 


I 


I 


■nil 


z 


liiilB 


Z 


.-..-. 


il 


I 


illiB 


I 


Adopting  another  mode  of  illustration  and  repre- 
senting tension  by  perpendicular  distance  from  a 
horizontal  line — the  waved  line  A  B  will  denote  the 
maximum  pressure  sustained  by  the  different  parts 
of  the  bore.  The  supposed  limits  of  the  cavity  dur- 
ing the  successive  vibrations  are  given  in.  vertical 
lines.  K  a  true  explanation  of  the  action  of  the 
gases  has  been  given,  thero  will  be  no  difficulty  in 
accounting  for  the  fact  that  the  indications  of  our 
instrument  do  not  give  the  pressures  at  different 
parts  of  the  bore  the  order  of  their  distances  from 
the  bottom,  as  do  the  pistol-ball  velocities  obtained 
in  the  experiments  made  with  Colonel  Bomford's  ap- 
paratus at  Watertown  Arsenal  in  1842.  The  latter 
present  a  comparative  indication  of  the  average 
rather  than  the  maximum  pressure  during  its  action 
on  the  balls. 

The  capability  of  the  piezometer  to  measure  pres-  "^ 
sures  of  much  more  brief  -duration  than  the  time  of 
the  passage  of  the  ball  through  the  pistol-barrel  will 
appear  from  a  comparison  of  the  inertia  to  be  over- 
come in  each  case.  The  weight  of  the  piston  and 
stem  is  20  grains,  and  the  resistance  of  the  inertia  ' 

of  the  oil  is  equivalent  to  that  of  about  36  additional  grains,  while  tbe 
weight  of  the  pistol-baU  is  218  grains.  After  taking  into  account  the  dif- 
ferences of  area  and  the  mode  of  action  in  the  two  cases,  I  think  it  may 
be  safely  concluded  that  the  piston  will  have  reached  its  extreme  positi<m 
as  soon,  at  least,  as  the  ball  has  passed  through  the  same  distance. 

The  superior  practical  importance  of  determining  the  greatest  instead 
of  the  average  pressure  upon  the  sides  of  the  bore,  with  reference  to  the 
construction  of  guns,  il9  evident  from  the  fact  that  the  strengtii  of  the 
gun  must  be  adapted  to  the  former  and  not  to  the  latter.  The  inade- 
quacy of  the  mode  of  determining,  even  relatively,  the  amount  of 
pressures  of  very  brief  duration  by  the  initial  velocities  of  balls  projected 
by  then  is  shown  by  the  effects  of  detonating  powders  used  in  fire-arms : 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


251 


it 
tt 


tlie  barrel  may  be  shattered  while  the  ball  is  thrown  with  comparatively 
little  force. 

The  effect  of  increasing  the  charge  of  powder,  compared  with  that  of 
increasing  the  weight  of  the  projectile,  in  augmenting  the  pressure  was 
unexpected,  and  has  to  some  seemed  almost  incredible ;  although,  as  is 
not  surprising  in  regard  to  a  subject  of  such  a  nature,  opiK)site  views 
are  held  by  men  thoroughly  conversant  with  artillery. 

Tlie  meaii  of  the  pressnres  indicated  at  1  inch  from  the  bottom  of  the 
bore,  with  a  charge  of  li  pounds  of  powder  and  a  baU  weighing,  with 

its  sabot,  6.3  pounds  nearly,  was 20, 210  pounds. 

W^ith  the  same  charge,  at  li  inches  from  the  bottom 18, 150       ** 

^With  1\  pounds  powder  and  a  shot  weighing  12.15  pounds,  at  1^ 

inches  from  botto«i 20,743 

"With  2  pounds  powder  and  a  ball  of  6.36  pounds,  atl  inch  from  bottom.  20,640 
"With  3  pounds  powder  and  a  ball  of  6.43  pounds,  at  1  inch  from  bottom .  22, 220 

The  pressure  in  the  cases  in  which  shot  of  12.15  x)ounds  weight  were 
used,  reduced  to  that  which  would  be  indicated  at  1  inch  fix)m  the  bot- 
tom of  the  bore,  on  the  supposition  that  the  same  difference  would  exist 
as  with  the  smaller  charges,  would  be  22,700  pounds,  indicating  that 
the  effect  of  doubling  the  weight  of  the  ball  (but  with  diminished 
windage)  is  not  very  different  from  doubling  the  weight  of  the  po\^der — 
instead  of  increasing  the  pressure  in  a  much  greater  ratio,  as  some  have 
supposed. 

The  results  of  the  experiments  with  the  musket-barrel  accord,  so  tBti 
as  they  admit  of  comparison,  with  those  just  stated.  The  manner  in 
which  an  increased  charge  of  powder  may  be  supposed  to  affect  the 
pressure  has  already  been  referred  to,  and  illustrated  by  reference  to 
the  experiments  with  blank  charges.  The  resistance  of  the  forming 
gases  in  that  part  of  the  charge  which  is  least  confined,  to  the  expan- 
sion of  those  in  other  parts  of  the  charge,  is  i>erhaps  most  strikingly, 
illustrated  by  the  action  of  the  fulminates,  which,  in  quantities  of  a  few 
grains,  will,  as  is  well  known,  tear  in  pieces  a  brass  or  copper  plate  upon 
which  they  are  gently  heated. 

The  variations  of  pressure  sustained  by  the  gun  when  fired  with 
charges  very  nearly  the  same  are  greater,  as  might  be  expected,  than 
the  variations  of  initial  velocity  imparted  to  the  ball  under  similar  cir- 
cumstances. 

When  the  combustion  of  the  powder  takes  place  with  more  than 
average  rapidity^  the  pressure  in  the  first  instants  of  the  explosion  is 
augmented,  but  its  action  on  the  ball  is  not  so  well  sustained  as  in  the 
case  in  which  the  combustion  is  more  slow  and  consequently  longer 
continued. 

The  following  table  of  initial  velocities  of  6-pounder  baUs,  extracted 
from  a  table  in  Major  Mordecai's  ^^  Second  Report"  of  his  experiments 
on  gunpowder,  will  serve  for  the  comparison : 

Initial  velocities  of  balls  fired  from  a  Q-pounder  gun. 


Powder. 


Weight. 

1 
Height. 

1.5.... 

Pottiuit. 

IneKst. 

4.8 

1.5 

4.8 

1.5 

4.9 

1.5 

■».  w 

1.5 1 

1.5 

Shot. 


Weight 


Pounds. 
6lU 
6l15 
8.13 
6l2« 
0.87 
8.3 


DiAm. 


Initial   v  e 
locity. 


'Ches, 

Ft, 

per  tec'd. 

3.58 

1.594 

1,580 

1,558 

1.538 

1,496 

1,52G 

Fixed  ammunition. 
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Extract  from  an  article  "On  the  Pressure  of  Fired  Gunpowder  in  its  Frae- 
tical  Applications j^  by  WiUiam  E.  Woodhridge,  M,  D.,  American  JourMl 
of  Science  and  Arts^  September j  1856,  referred  to  in  Major  Mordeeah 
letter  of  November  3, 1856. 

[After  reference  to  the  experiments  of  Count  Euniford,  who  estiinated 
the  pressure  of  gunpowder  fired  in  a  space  which  it  filled  at  not  le^ 
than  54,750  atmospheres — ^firom  an  erroneous  estimate  of  the  strengtk 
of  liis  eprouvette,  which  was  burst  by  the  charge — ^the  following  ex 
periment  is  given :] 

"The  following  experiment  seems  to  show  that  the  extrenaie  force  of 
gunpowder  fired  in  small  quantities  does  not  exceexl  6,300  atmospheric 

"  I  inclosed  in  ahoUow  cylinder  of  cast  steel,  1^  inches  in  exterior  diame- 
ter and  one-fourth  of  an  inch  in  diameter  interiorly,  20  grains  of  Hazzard'i 
Kentucky  rifle  powder,  which  filled,  loosely,  the  cavity.  This  was  firel 
by  a  fiash  of  powder  penetrating  through  the  aperture  of  a  valve  (uf 
steel)  oi)ening  inward,  but  designed  to  prevent  the  escape  of  gas  cat- 
ward.  The  cylinder  was  not  ruptured,  and,  being  put  under  water,  do 
gas  was  found  to  escape  (the  weight  of  the.  instrument  was  too  grc^t 
to  test  the  loss  of  gas  by  my  scales).  On  pressing  in  th«  valve  by  means 
of  a  screw,  an  abundance  of  gas  escaped,  carrying  with  it  the  odor  at 
sulphuretted  hydrogen.  The  seat  of  the  valve  was  found  to  remain  j^er- 
feet  \  a  fatit  which,  when  compared  with  a  former  trial  in  which  tlie 
gases  escaped  in  consequence  of  a  slight  defect  of  the  valve,  is  presump- 
tive proof  of  its  immediate  action.  The  residuum  was  fou^d  to  weigh 
10.45  grains.  The  calculated  strength  of  the  cylinder  would  be  equal  to 
an  internal  pressure  of  about  93,0(X)  poinds  per  squa];e  iQch,  or  6,20(t 
atmospheres  of  15  pounds." 


REMARKS. 


Washington,  November  20, 1878. 

Sm:  In  the  account  of  experiments  on  the  pressure  of  fired  gmi- 
powder  which  I  had  the  honor  to  furnish  to  your  predecessor  in  com- 
mand of  the  Ordnance  Department  in  the  year  1855,  and  which  I  learn 
is  about  to  be  printed,  there  is  mention  of  a  correction  necessary  to 
render  the  indications  or  a  piezometer  exact,  and  an  intimation  of  data 
ascertained,  which,  though  not  sufficiently  precise  to  afford  exact  re- 
sults, nevertheless  showed  that  the  correction  was  not  unimportant. 

It  was  at  that  time  hoped  that  further  experiments  would  be  insti- 
tuted to  determine  this  correction  with  accuracy.  Since  this  has  not 
been  done  it  may  be  of  interest  to  state  the  method  by  which  the  data 
referred  to  were  obtained  and  the  principles  by  which  they  were  applie<l 
in  reaching  the  conclusion  stated. 

I  have  done  this  in  the  accompanying  communication,  adding  some 
suggestions  as  to  a  proper  mode  of  supplying  the  correction  spoken  of. 
and  as  to  the  relative  accuracy  of  the  method  of  measuring  powder- 
pressures  by  the  compression  of  a  liquid. 

I  have  the  honor  to  remain,  very  respectfully,  your  obedient  servant, 

W.  E.  WOODBRIDGE. 

General  S.  V.  BEN^fcT, 

Chief  of  Ordnance, 
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Bemarks  on  the  ^^  correction''^  referred  to  in  the  preceding  account  of  experi- 
ments on  the  pressure  of  fired  gunpowder^  and  on  the  relative  OiCcuracy  oj 
themethod  therein  described. 

When  the  experiments  on  the  compressibility  of  oil  inclosed  in  glass 
(forming  part  of  the  experiments  on  the  pressure  of  fired  gunpowder  in 
18o4-'55)  had  been  completed,  two  further  experiments  were  made  with 
the  same  apparatus  (see  Plate  YIII).  continuing  in  the  same  condition. 
The  object  was  to  asc^i;ain,  for  eacn  of  the  temperatures  adopted,  to 
what  extent  the  compressed  oil,  released  from  a  pressure  of  10,000 
pounds  per  square  inch  as  quickly  as  could  be  done  with  safety  to  the 
adjustment  of  the  instruments,  would  regain  its  former  volume  at  the 
instant  of  releascT-that  is,  before  it  should  have  time  to  absorb  sufficient 
heat  from  the  surroundings  to  sensibly  change  the  lowered  temperature 
resulting  from  the  conversion  of  heat  into  mechanical  energy  during  ex- 
pansion. 

After  applying  the  designated  pressure  and  maintaining  it  for  some 
time  at  the  selected  temperature,  50^  or  60^,  that  part  of  the  scale  of  the 
instrument  containing  the  oil  which  was  exx)ected  to  show  the  temporary 
arrest  of  expansive  action  was  brought  into  the  field  of  vision,  the  valve 
controlling  the  connection  between  the  receiver  and  the  pump  was  closed 
and  the  outlet  valve  opened.  For  a  moment,  in  either  case,  the  piston 
became  stationary  at  several  divisions  of  the  scale  below  the  positi<m  it  v 
occupied  when  the  original  temperature  and  volume  were  restored.  I 
regret  that  the  record  of  these  experiments  is  not  now  accessible,  but 
the  exact  figures  are  not  essential  to  a  consideration  of  the  principles 
involved.  Let  it  be  supposed  (for  the  present  purpose)  that  on  quick 
release  from  a  pressure  of  10,000  pounds,  at  a  temperature  of  60^,  the 
piston  stands,  for  the  moment,  at  6  divisions  of  the  scale  lower  than  it 
did  at  the  beginning  of  the  experiment,  which  may  not  be  far  from  the 
actual  occurrence.  By  reference  to  the  table  of  ^^compression  under 
visual  observation"  [see  p.  724J  (which  may  in  fact  be  considered  as  po- 
tentially a  table  of  expansions  at  the  various  pressures  noted),  it  will  be 
seen  that  the  difi;erence  in  volume  or  expansion  between  50^  and  60^,  at 
the  atmospheric  pressure,  was  15.8  divisions,  or  1.58  for  each  degree. 

A  depression  of  6  divisions  will  therefore  correspond  to  a  diminution 
of  temperature  of  3^.8,  or  an  actual  temperature  of  56^.2, 

Since  work  and  heat  are  mutually  convertible,  it  follows  that  oil  at  the 
temperature  of  o6^,2  submitted  to  a  pressure  of  10,000  pounds  applied  so 
rapidly  that,  virtually,  no  heat  is  lost  by  diftusion  to  surrounding  objects 
(which  is  the  case  in  the  application  of  the  piezometer  to  the  measure- 
ment of  gunpowder  pressure),  its  temperature  will  be  raised  to  OOo.  It 
will  thus  appear  that,  in  th^  instance  supposed  (in  which  the  tempera- 
ture of  the  oil  is  50^.2  at  the  outset),  the  true  pressure  must  be  read 
from  the  column  of  the  table  giving  compressions  at  60^,  for  that  is 
really  tlie  temperature  at  which  the  compression  is  effected. 

To  make  the  results  obtained  in  the  u§e  of  the  piezometer  strictly  com- 
parable with  the  facts  before  us,  that  instrument  should  be  set  (that  is, 
the  oil  should  be  brought  to  and  fixed  at  the  standard  volume)  at  60^ 
and  submitted  to  pressure  at  56^.2.* 

If,  then,  with  the  piezometer  set  at  60^  and  exposed  to  the  pressure 
of  the  gases  in  the  gun  at  56^.2,  we  obtain  a  stroke  of  0''.251  (the 
equivalent  of  80.8  at  6ip  in  the  table),  we  refer  to  the  curve  of  compres- 
sions at  60^  and  find  that  the  pressure  was  10,000  i)ounds. 

*  This  method  was  not  practiced  in  the  experiments  made  in  1854-^55,  but  it  changes 
nothing  in  the  principles  involved,  and  presents  a  simpler  case  for  comparison  with 
the  experiments  from  which  the  table  of  compressions  is  derived. 
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In  this  way  we  have,  in  this  case  constracted  to  meet  our  data,  arnr«d 
at  the  corrected  pressure. 

We  may  now  turn  to  the  indication  of  pressure  uncorrected  by  refer 
ence  to  the  effects  of  the  change  of  temperature  resulting  from  com- 
pression, which  is  to  be  derived  by  interpolation  from  the  data  given  in 
the  table  before  referred  to,  as  follows: 

The  "height  of  oil''  in  the  instrument  under  10,000  pounds'  pressun 
to  the  square  inch  and  at  the  temperature  of  60^  we  find  to  be  at  80.!^ 
of  the  scale.  With  the  same  pressure  and  a  temperature  of  50^  we  lin'i 
it  to  be  at  59.8.  The  difference  is  21  divisions  of  the  scale.  Snpposiiu: 
the  rate  of  expansion  under  the  pressure  mentioned  to  be  uniform,  thf 
rate  is  2.1  divisions  for  each  degree  Fahr.,  so  that  at  56o.2  the  oil  woulfl 
stand  at  72.82.  In  the  same  way  we  find  that,  unden  pressure  of  9A* 
pounds  per  square  inch  and  at  56<^.2,  the  oil  would  stand  at  SSJt'A 
giving  a  diflference  of  height  of  10.766  divisions  for  1,000  pounds  differ 
ence  of  pressure,  so  that  each  division  represents  a  pressure  of  92.^ 
X>ounds.  But  the  stroke  of  the  piezometer  is  equivalent  to  80.8  of  tbr 
scale,  which  is  8.02  divisions  above  the  point  to  which,  we  have  seen,  i* 
would  be  carried  by  a  continued  application  of  10,000  pounds'  pressar? 
per  square  inch,  and  therefore  indicates  a  pressure  (uncorrected)  of  9,2^> 
pounds,  or  745  pounds  less  than  the  true  one. 

It  is  probable  that  a  more  suitable  oil  might  have  been  selected  for 
the  experiments,*  or  at  least  that  the  comx)ression  at  50^  would  haw 
been  more  regular  had  the  oil  been  strained  at  a  lower  temperature  than 
that  emi>loyed  in  its  preparation. 

It  can  hardly  be  doubted  that  a  considerable  part  of  the  compressiou 
apparent  under  the  higher  pressures  at  50°  must  be  attributed  to  the 
solidification  of  a  portion  of  the  oil.  If  this  be  so,  the  method  of  inter 
polation  employed  above  probably  carries  the  volume  of  oil  at  66-.- 
much  too  far  toward  that  at  5(P  under  the  same  pressure,  and  renda^ 
the  hypothetical  error  stated  above  considerably  larger  than  it  really 
should  be. 

A  series  of  experiments  like  those  above  mentioned  on  the  volume  and 
temperature  of  oil  quickly  released  from  pressure  would ,  if  carefully  made, 
and  covering  sufficiently  high  pressures,  afibrd  all  the  data  requisite  fur 
a  complete  table  of  the  corrections  necessar3% 

Another  method,  however,  which  will  be  described  briefly,  would  be 
more  easy  in  execution  and  more  direct  in  its  application.  It  may  perhaps 
be  said  to  obviate  the  necessity  of  a  correction  rather  than  to  supply  it. 
The  accompanying  drawing  of  a  portion  of  the  apparatus  required  (Plate 
XI)  will  facilitate  the  explanation. 

A  A  is  a  strong  receiver  (represented  by  a  vertical  section  through  the 
center  of  its  diameter),  to  be  charged  with  compressed  air  forced  through 
the  passage  a,  which  is  also  the  means  of  communication  with  the  neces- 
sary valves  and  pressure-gauge.  A  tube  or  barrel,  B  B,  is  screwed  into 
the  lower  end  of  the  receiver.  •  It  is  accurately  bored,  and  fitted  witb 
two  pistons,  C  and  D.  The  upper  piston.  C,  inserted  into  the  top  of  the 
barrel,  is  adapted  to  a  short  motion  only,  and  is  restrained  from  de- 
scending by  an  enlargement  or  shoulder  resting  on  the  upper  end  of  the 
barrel.  It  should  be  as  light  as  is  consistent  with  strength  sufficient  to 
resist  the  pressure  it  may  be  required  to  bear,  and  should  be  surrounded 
with  a  small  quantity  of  oil. 

The  office  of  the  receiver  and  piston  C  is  to  supply  a  spring  capable 
of  opposing  a  regulated,  and,  within  short  limits,  a  nearly  constant  re- 
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sistance  to  the  pressure  of  a  liquid  to  be  forced  up  below  it  by  means  of 
the  piston  D. 

As  the  particular  mechanism  for  operating  that  piston  is  not  essential 
if  it  serves  to  apply  the  pressure  as  quickly  a«  may  be  required  afid  to 
release  it  as  readily,  it  is  not  necessary  to  enter  into  a  particular  descrip- 
tion. In  general  terms  it  may  be  stated  that  the  requirements  can  be 
ftilfilled  by  means  of  a  single  heavy  spring,  brought  at  will  to  the  neces- 
sary flexure  and  tension  by  the  oi)eration  of  a  screw,  and  so  arranged 
that  it  may  be  instantaneously  released — first,  from  the  restraint  which 
prevents  its  action  on  the  piston,  and  then  from  all  flexure,  by  which  the 
piston  would  be  wholly  relieved  from  pressure. 

The  manner  of  using  the  apparatus  would  be  as  follows:  Having  de- 
cided upon  the  pressure  and  temperature  at  which  the  experiment  is  to 
be  made,  air  is  forced  into  the  receiver  until  some  excess  of  pressure  is 
obtained.  Tbe  lower  piston  having  been  removed,  the  "  piezometer," 
properly  filled  and  "set,''  is  placed  within  the  barrel  and  the  piston  in- 
serted after  it.  The  two  pistons  D  and  C  should  be  left  separated  by  a 
distance  somewhat  greater  than  the  length  of  the  piezometer,  for  a  reason 
which  will  presently  appear.  The  vacuity  between  them  is  filled  with  oil 
introduced  through  the  passage  d  in  the  piston  I),  air  escaping  through 
the  passage  p  (drilled  in  the  barrel)  until  the  space  is  filled,  when  Uie 
passages  are  closed  by  screws. 

The  receiver,  barrel,  and  contents  are  now  to  be  brought  to  the  chosen 
temx)erature  (with  the  aid  of  a  water-bath)  and  the  pressure  adjusted  by 
the  release  of  a  sufficient  quantity  of  air  from  the  receiver.  When  this 
is  done  the  piston  D  is  forced  rapidly  in  (by  means  of  the  mechanism  pre- 
viously referred  to)  to  such  a  distance  as  shall  slightly  raise  the  piston 
C,  and  then  quickly  released. 

In  this  operation  the  oil  between  the  pistons,  with  the  piezometer  and 
its  contents,  will  have  been  subjected  to  the  same  pressure  as  that  sus- 
tained by  the  receiver.  The  time  occupied  in  doing  it  will  have  been 
quite  too  small  for  any  appreciable  diffusion  of  the  heat  generated  by 
compression,  and  the  recoil  of  the  piezometer  will  be  just  that  which  it 
would  have  been  if  subjected  to  equal  pressure  in  a  gun. 

A  sufficient  number  of  experiments  conducted  in  this  way,  with  differ- 
ent pressures  and  temperatures,  would  supply  the  data  for  constructing 
numerical  tables  or  curves  expressing  the  relations  between  piezometer- 
strokes  and  the  pressures  producing  them,  and  needing  no  correction 
when  applied  to  gunpowder  pressures. 

In  conducting  a  series  of  such  experiments  the  work  would  be  greatly 
expedited  by  beginning  with  the  highest  pressures  and  lowest  tempera- 
tures ;  because  the  adjustments  of  pressures  could  be  made  by  success- 
ive diminutions  of  the  quantity  of  air  contained  in  the  receiver. 

There  are,  of  course,  precautions  and  details  which  cannot  be  noticed 
in  this  sketch,  though  their  recognition  is  important  in  practice. 

For  reasons  which  will  be  stated,  I  regard  the  method  of  ascertaining 
powder  pressures  by  the  registered  compression  of  a  liquid  as  capable  of 
greater  accuracy  than  those  which  are  based  upon  indentation  or  other 
change  of  form  in  pieces  of  metal  acted  on  by  a  piston  receiving  the 
pressure  to  be  measured. 

The  effect  of  the  rise  of  temperature  resulting  from  compression  on  the 
extent  of  compression  has,  of  course,  a  definite  relation  to  the  pressure 
causing  it;  and  this  relation  is  susceptible  of  accurate  determination,  or, 
of  elimination,  by  different  methods. 

This  correction  being  supplied  or  rendered  unnecessary,  the  only  re- 
maining inquiry  which  can  be  of  imxK)rtance  to  the  indications  of  the 
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piezometer  described  in  the  preceding  papers  relates  to  the  inflaence  of 
the  inertia  of  the  piston  in  modifying  the  length  of  its  stroke. 

The  amount  of  this  influence,  which  Taries  with  the  rate  of  augmenta- 
tion of  the  pressure  acting  on  tne  piston,  is  incapable  of  determinatioiu 
since  that  rate  cannot  be  known. 

The  error  is  common  to  both  classes  of  instruments  mentioned, -Mid 
can  be  reduced  to  a  minimum  only  by  employing  the  least  weight  of 
metal  in  the  piston  that  is  compatible  witii  the  performance  of  its  fimo> 
tions. 

In  devising  the  concave  spiral  pressure-gauge  described  in  Appendii 
F  to  the  Eeport  of  the  Chief  of  Ordnance,  1875  (page  135,  Plate  5), 
reference  was  had  to  this  requirement.  Yet  the  piston  is,  and  must  re- 
main, many  times  heavier  than  that  of  the  piezometer,  the  weight  of 
which  might  be  further  reduced.  In  one  case,  the  piston  is  an  instru- 
ment subjected  to  violent  strains,  and  therefore  requires  to  be  strong; 
while  in  the  other  its  action  is  merely  that  of  a  eeptum  between  t^e  dA- 
nite  quantity  of  oil  of  which  the  compression  is  to  be  registered  and  thai 
lying  without,  and  ha\ing  no  other  work  to  do  than  to  ov^xsome  tlie 
fricticm  of  the  ^^  stem"  imder  the  pressure  of  the  ^'  marking-point." 

The  superiority  of  a  liquid,  employed  as  proposed,  over  a  piece  of  raetal 
to  be  changed  in  form,  arises  principally  &om  the  greater  simplicity  of 
its  mechanical  characteristic^. 

Disks  of  metal,  though  perfectly  pure,  or  of  an  alloy  exact  in  compo- 
sition, and  at  the  same  time  perfecUy  sound,  may  offer  great  variatioiis 
in  different  specimens  and  in  differ^it  parts  of  the  same  specimen— id 
hardness,  in  tensile  strength^  in  elasticity  of  form  (distinguished  finom 
elasticity  of  volume),  in  ductility,  and  in  the  property  sometimes  called 
"  metallic  viscosity,"  or  "  rate  of  flow  "  under  pressure. 

None  of  these  are  properties  of  a  perfect  liquid.  Variation  in  any  one 
of  them  will  in  some  degree  change  the  indications  of  pressure  given  by 
the  gauge  in  which  the  disks  are  used;  and  no  individual  test  can  be 
appfied  without  rendering  the  pieces  useless.  The  best  that  can  be 
done  is  to  prepare  them  with  as  nearly  uniform  mechanical  treatment  as 
possible,  concludmg  with  careful  annealing. 

Complete  soundness,  that  is,  perfect  interior  union,  is  a  condition  more 
rare  than  is  often  supposed,  and  uuperceived  variations  in  respect  to 
this  quality  may  lead  to  great  errors  in  some  forms  of  instrument. 

An  important  source  of  error  in  the  indications  of  the  best  forms  of 
indenting  or  crushing  gauges  arises  from  the  uncertainty  attending  the 
"  rate  of  flow  ^ — ^which,  in  its  relations  to  the  employment  of  these  in- 
struments, presents  a  problem  which  must  lack,  in  each  case,  one  of  the 
elements  necessary  to  its  solution,  namely,  the  Hme  in  which  the  change 
is  wrought. 

The  evident  exemption  of  the  gauge  employing  compression  of  a  liquid 
from  so  many  errors,  apparently  without  the  substitution  of  others,  must, 
it  would  seem,  give  it  a  superior  claim  to  accuracy,  though  it  cannot,  of 
course,  be  used  with  the  same  facility  as  the  indenting  or  crushing 
gauges. 

There  would  be  no  dif&culty  in  adapting  such  an  instrument  for  use 
as  an  '^  internal "  gauge.  In  using  ii  some  time  would  be  required  to 
assure  a  correspondence  between  the  temperature  of  the  instrument  and 
that  of  the  gun,  as  the  former  temperature  would  be  taken  from  the  latter, 
unless  some  device  might  be  employed  in  connection  with  the  iDstra- 
ment  for  recording  the  temperature  at  the  moment  of  filing — which 
need  not  be  considered  improbable. 
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APPENDIX  N. 

TRAJECTORIES   OP   ARMY  REVOLVERS. 
Capt.  JOHX  E.  Grkkr,  Ordnance  Department. 

(One  plate.) 

National  Armory,  Springfield,  Mass., 

November  30, 1878. 

Sir  :  In  accordance  with  your  instractions  of  November  8, 1  have  the 
honor  to  submit  herewith  certain  data  in  regard  to  the  Colt's  Army 
revolver. 

As  there  were  no  records  of  firing  at  ranges  greater  than  25  yards  on 
file  at  this  armory,  the  results  given  are  necessarily  the  mean  of  a 
limited  number  of  targets  specially  made  for  the  purpose  of  getting 
the  datJi  required.  As  these  targets  were  made  with  great  care  by  a 
most  excellent  marksman,  Mr.  R.  T.  Hare,  of  this  armory,  it  is  thought 
that  the  results  obtained  will  not  differ  materially  from  those  deducible 
from  more  extended  firings. 

It  is  also  thought  that  as  the  Smith  &  Wesson  revolver  uses  the  same 
ammunition,  (the  service,)  and  as  the  velocities  obtained  are  about  the 
same  as  those  obtained  with  the  Colt,  the  data  given  may  be  considered, 
without  material  error,  as  applicable  to  the  former  revolver. 

For  these  experiments  the  Colt's  was  sighted  at  300  yards,  the  regular 
sight  being  nominally  for  25  yards,  but  in  reality  just  as  much  so  for  50 
yards. 


THE  COLT'S  ARMY  REVOLVER. 


I. — Rapidity  of  fire. 


This  arm  may  be  fired  18  times  in  one  minute  and  fifty-four  seconds, 
beginning  and  ending  with  chambers  empty. 

II. — Accuracy. 


Deviations. 


M«>aii  horizontal 
Mean  vtn'tical. .. 
Mean  absolute  .. 


50  yards.      100  yards.     150  yanls. 


fnehen. 
4.2 
3.3 
5.3 


Tnche*. 
3.8 
7.4 
8.3 


Inehe». 
7 

10.1 
12.3 


200  yards. 


9.8 
12.  5 
15. 9 


250  yards.     300  yards. 


Tnehes. 
20 
14.8 
24.9 


I     Inekeg. 
19.9 
20.7 
28.7 


The  above  results  are  the  average  of  a  limited  number  of  targets  of 
12  shots  each. 

III. — Drift. 

The  twist  of  the  rifling  being  to  the  left,  the  drift  is  in  the  same 
direction.  The  tendency  to  throw  the  muzzle  to  the  right  by  the  pull 
on  the  trigger,  serves,  however,  largely  to  neutralize  the  drift  at  ranges 
less  than  150  yards.    At  300  yards  the  drift  is  about  30  inches. 
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IV.— Recoil. 


"Weight  of  revolver. 


2.31  pounds. 


Weight  of  powder. 


Weight  of  ball. 


ReeoQ  (theoretical  > 


28  grains. 


230  grains. 


3.88  foot-pounds 


V. — Penetration  in  white  pine. 


Bonge  

50yard8. 

3i 

100  yards. 

150  yanls. 

200  yards. 

250  yanU. 
2i 

300yan)« 

Inches 

3i 

3i 

1 

21 

2i 

A  penetration  of  one  inch  in  white  pine  corresponds  to  a  dangerous 
wound. 

VI.— Trajectory. 

a. —  rtlocity. 

Mean  initial  velocity,  730  feet. 

h. — Angles  of  »igjkt. 


Sange 

50  yards. 

100  yards. 

150  yards. 

'  200  yards. 

2A0  yards. 

300>-aid». 

• 
KlAvation 

1 

57'  13" 

Denreaaion 

10  14/  24" 

41'  41" 

25'  6" 

1 

8'  54" 

1 

It  is  worthy  of  note  that  up  ip  about  275  yards  the  axis  of  the  bore 
is  below  the  line  of  sight.  This  is  probably  due  to  the  fact  that  before 
the  ball  has  left  the  piece  the  barrel  is  rotated  upward — ^the  line  of  ap- 
plication of  the  force  being  above  the  point  of  resistance,  the  hand— 
until  the  axis  of  the  bore  is  sufficiently  far  above  the  line  sighted  for 
the  object  to  be  struck.  This  is  continned  by  firing  the  pistol  with  the 
barrel  firmly  clamped  in  a  fixed  rest. 

With  the  revolver  held  in  the  usual  manner  in  the  hand,  and  with 
the  300-yards  elevation,  the  center  of  impact  was  44  inches  above  the 
center  of  the  target  at  50  yards.  With  the  fixed  rest  the  center  of  im- 
pact was,  at  the  same  distance  and  with  the  same  elevation,  IJ  inches 
above  the  center  of  the  target.  The  line  of  sight,  300-yards  elevation, 
and  axis  of  bore  are  nearly  parallel ;  the  latter  result  is,  therefore,  what 
was  to  be  anticipated  if  the  barrel  were  rigidly  consti*ained. 

With  a  rifle  the  use  of  a  fixed  rcvst  invariably  raises  the  height  of  the 
center  of  imx)act  on  the  target,  just  the  reverse  of  the  pistol,  but  the 
circumstances  of  constraint  are  verv  different. 

With  the  revoh^er  the  barrel  was  clamped,  the  cylinder  and  stock 
being  entirely  free,  while  with  the  rifle  the  sto?k  is  supported  at  the  rear 
and  sides,  the  barrel  having  a  limited  motion  in  and  with  the  front  of 
the  stock. 
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c. — OrdUtates  of  trajectory  ahov*  line  of  ti^ht.     Ran'gt,  300  yards;  '^OO-yardt*  tieration. 


Horizontal  dUtancc i   50  3-ardH. 


Inches . 


100  yards.     150  yards.     200  yaixls.     250  yanU.     300  yanla. 


43.7 


79.7 


71.  5 


47 


As  there  is  but  one  height  of  rear-sight  011  tliis  revolver — viz,  that 
coiTesponding  to  50  yards — the  center  of  impact  will  fall  lower  and 
lower  on  the  target  as  the  range  is  increased.  It  will,  therefm^e,  be 
necessary  in  firing  to  raise  the  line  of  sight  as  much  above  the  object  as 
the  trajectory  passes  below  it. 

The  following  table  gives  the  ordinates  of  points  of  the  trajectory 
at  300  yards,  below  the  line  of  sight  corresponding  to  50  yards. 

rf. — Ordinates  of  trajectory  below  line  of  siyht.     Regular  sight ;  bO-yards  elevation. 


Horizontal  distance 50  yards.      100  yards. 


Inches 


1&2 


150  yards.     200  yards.     250  yanls.  >  300  yards. 


48.6 


90.  V 


105.1 


256.4 


This  table  is  important,  as  it  shows  how  far  above  one  should  aim  in 
order  to  hit  the  object  at  the  distances  given.  For  instance,  at  150  yards 
the  XMMnt  aimed  at  should  be  about  4  feet,  and  at  200  yards  8  feet,  above 
the  object. 

e. — Dangerous  space. 


xCAVALRY  AGAINST  CAVALRY. 


Distance. 


•§ 


Ma 

I"? 


Descending  branch 
of  tn^jectory. 


I' 


A  * 

u 

8  p 
u 

a  « 


S 


Total 


50  

Yardg: 


Yards. 

AU. 

AIL 

All. 

12 

7.5 

5.3 

Yards. 
AU. 

100 

AU. 

150 

AU. 

200 

71.8 

.  ..  

57.7 

300  

41.7 

Yards. 
3a2 
49.7 
47.2 
44.5 
36.  (^ 
31.2 


Yards. 

88.2 

149.7 

197.2 

11&3 

94.3 

72.9 


Yards. 

8&2 
149.7 
197.2 
12«.3 
102. 

7«.a 


CAVALRY  AGAINST  IXFAXTRY. 


Distance. 


fctt 


DestM'nding  branch 
of  tnyt'ctorj'. 


4. 


7^ 


X  0  5. 

ee  s  * 


Total 


Yards. 


50 
100 
150 
200 
250 
300 


Yards. 
7.6 


Yards. 
22.9 
46.7 
46.9 
89..') 
34.2 
26.2 


Yards.        Yards. 


Yards. 


24. 5 
33.2 
312 
319 
27.5 
22.2 


5.'t. 

79.9 

78.1 

71.4 

61.7 

48.4 


5J. 

7a  9 

78.1 
7L4 
617 
48.4 
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IXFANTRY   AGAINST  CAVAI^UY. 


Distance. 


.a 
II 


Tarda.  Tard». 

W All. 

100 All. 

150 AU. 

800 AVL 

250 51.2 

300 35.2 


Deflcending  branch 
of  tnyt*ctory. 


Yards. 

AU. 
All. 
AU. 
All. 

72. 

45.5 


£ 


rarcb. 
63.5 
6i.2 
57.5 
50.5 
40. 
27.7 


4^ 

3=* 


§• 


Y^u-ds. 

113.5 
164.2 
207.5 
250.5 
112. 
73.2 


Total 


113. 5 
164.2 
287.5 
2da5 
163.2 
106.2 


INFANTRY  AGAINST  INFANTRY. 


DistAUCO. 


Yards. 

50 

100 

150 

200 

250 :. 

300 


t    ■ 

a  ^ 

Descouding  branch ' 

II 

of  trajectory.       ' 

1? 

If  ■ 

Is    i 

ill 

Total. 

^ 

-                          1 

1^ 

Fart/*. 

1 

lard*. 

Ford*. 

rord«. 

Yardit. 

AIL 

All. 

35.       1 

H5. 

85. 

AU. 

All. 

41.7 

141.7 

141.7 

15 

71.5 

.38.1 

109.6 

124.6 

8.8 

49.7 

35. 4     1 

8."».  1 

9:t9 

0 

40.2 

28.  5 

6*5.7 

74.7 

4.6 

28.  5 

20. 5 

49. 

5a6 

The  dangerous  apace  is  determined  umler  the  assumption  that  a  foot- 
soldier  is  68  inches  in  height ;  that  the  head  of  a  man  on  liorse  is  IMJ 
inches  from  the  ground ;  that  the  pistol  is  at  the  height  of  tbe  eye,  or  4 
inches  below  the  top  of  the  head,  and  that  the  points  aimed  at  art*  34 
and  48  inches  from  the  ground  for  infantry  and  cavalry,  respectively. 

The  dangerous  spa(;e  may  be  increased  b^^  the  firer  lying  down  and 
aiming  at  the  feet  of  the  enemy. 


APPENDIX  O. 


TRAJECTORIES    OF    THE    SPRINGFIELD    AND     THE     PEABODY-MARTINI 

RIFLES. 

Capt.  John  £.  Gkrku,  OitliiADce  Department. 

(Que  plate.) 

Certain  comparisom  infttitutefl  between  the  Springfield  and  the  Peabody' 
Martini  rifles  by  Capt  John  E.  Greer,  under  the  direction  of  Bvt.  CoLy 
Jamen  G.  Bentonj  commanding  the  National  Armory. 

The  Peabody  was  a  uew  gau  just  received,  together  with  a  supply  of 
anamuuitioD,  from  the  Providence  Tool  Company. 

It  was  proposed  to  compare  these  rifles  in  the  following  particulars, 
viz :  Accuracy  at  300, 500,  and  1 ,000  yanls ;  penetration  at  1,000  and  2,000 
yards;  flatness  of  trajectory,  as  shown  by  angles  of  elevation,  at  the 
same  distances;  initial  velocity,  and  the  ettect  of  rifling  on  the  velocity. 
Owing  to  the  impossibility  of  getting  a  range  of  2,000  yards,  one  of  1,609 
yards — the  longest  that  could  be  obtained  —was  taken.  The  results  are 
contained  in  the  following  tables : 


Accuracy. 


300  yanlH. 


rm  vard8. 


1,000  yonln. 


RiHi 


SpringfleUl 

PeulMxlv-MfiitiDi 


Mean  '   Meau 

hor.         v«>r. 

dev'n.  '  dov'ii. 


Mean      Me-an 

abs.         hor. 

lU'v'n.     <lt»v'u. 


Mean      Mean      Mean 

ver.        abn.         Uor. 

ilev'n.  I  dev'u.     clev'n. 


Ineheit.    Inchen. 


4.r> 


3.  fiH 
2.76 


Ineket.    Inehet.  <  huhet 


4.67 
5.28 


4.90 
8.3 


6.1 

8.8 


Mean  '  Mean 


ver. 
dev'n. 


aba. 
dev'n. 


Inches.    Jtushet.    Inches.    Inefiss. 
7.8         13.2         16.6  '      21.2 
12.1         21.3  '      31.4         37.04 


Tar^t  of  10  shots. 


Target  of  10  shotn. 


Tarjjet  of  20  ahota. 


Fii-e<1  from  shoulder  and  muzzle  rest. 
Petieiraiion  in  white  pine. 


Spriii<;fleld 

Peabody-Martlui 


Rirte. 


Weight  of      Weight  of     ,  ^^        , 
powder.  ball.  lOWjarcla. 


Orains. 
70 
85| 


Grain*. 
405 
480 


Inches. 
6 

7.8 


1.669  yards. 


Tnehe», 


1.87 
3.87 


Angles  of  elevation. 


Springlield 

Peabmly-Manini . 


Birie. 


1,000  yarda.     1,609  yards. 


o     /       '/     I 

2  50    4 
2  51  10 


6  30  55 
6    8  29 


Velocities, 


Sprinclleld 

PwlMdy -Martini 


Kifle. 


Weight  of 
powder. 

Qrains. 
70 
85^ 


Weight  of    Velocities  in 
ball.  feet. 


Qrains. 
405 
480 


1312. 2 
1290.1 
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In  order  to  ascertain  the  eflfect  of  rifling  on  the  velocity,  a  Peabody 
Martini,  cliainbared  for  the  United  States  service  cartridge,  was  fired  in 
comparison  with  the  Springfield,  the  cartridges  being  taken  from  the 
same  package. 

The  table  shows  a  slight  advantage  in  favor  of  the  Springfield. 

Velocities, — (  To  compare  effect  of  rifling. ) 


Rifle. 


Springlielil 

Pcabod  v-Mart  ini 


Weight  of  '    Weijprht  of     Velocities  in 
powder.  ball.  feet. 


Oraing. 
70 
70 


Chraing, 
405 
405 


13111 
1367.3 


It  should  be  stated  that  each  velocity  recorded  in  these  tables  is  the 
mean  of  several  taken  on  two  machines — the  Le  Boulonge  chronograph 
and  the  Benton  electro-ballistic. 

It  should  also  be  stated  that  with  the  Springfield  not  more  than  10 
rounds  were  fire<l  at  1,669  yards  before  the  target,  8'  by  12',  was  hit  3 
times,  while  with  the  Martini  at  le^«t  6()  rounds  were  tired  to  hit  the 
target  the  same  number  of  times. 

Had  the  service  cartridges  used,  which  gave  but  1,312  feet  velocity, 
been  up  to  the  standanl  of  1350,  the  record  with  the  Springfield  would 
probably  have  been  much  more  satisfactory 

As  it  is,  these  results  show  sui>erior  accuracy  on  the  part  of  the 
Springfield,  accompanied  with  more  power  than  is  required  to  disable  a 
man  at  ranges  at  which  it  is  practically  impossible  for  a  marksman  to 
hit  so  small  an  object.  At  ranges  of  1,00()  yards  and  upward,  the  tra- 
jectory of  the  Peabody  is  slightly  flatter  than  the  Springfield,  but  at 
shorter  ranges* — those  at  which  a  rifle  will  ordinarily  be  fired  in  serv- 
ice— the  trajectory  of  the  Springfield  is  the  flatter  owing  to  its  higher 
Telocity.  This  velocity  at  long  ranges  of  course  falls  off  more  rapidly 
than  that  of  the  Martini,  dfie  to  the  lesser  weight  of  ball. 

In  order  to  determine  the  recoil  5  shots  were  fired  from  each  gun,  the 
recoil  being  measured  by  Captain  Prince's  dynamometer,  initial  com- 
parison 50  lbs.,  and  the  mean  taken. 

Jx'ecoil. 


Rifle. 


Weight  of  I   Weight   of      «      ., 
powder.  Uall.  ^*®" 


Si>rmgllel«l 

Pealnxlv-Martuii 


0  rains. 

Orain^f. 

Pottndt. 

70 

405 

14^ 

85i      , 

480 

1»3 

Accuracy  at  l,orf)  yards, — (An  recorded  by  Crccdtnoor  system,) 


No.  of  shot 


SpriujEflold  .. 

Peabody- Mar 

tini 


I 

1 

1 

1 

2 

3 

1 

3 

3 

5 

.') 

2 

0 

4,5     6     7     H     »  I  10  I   11 


3  I  3     :>     3     4      2 

I 
0  '  0  I  5     5     5     0 


12  ,  13     14      15  ,  16  I  17 


3       3 
0       3 


.0       2       5 
0,3       3 


o 


4 
4 


18     19     20      c 


I'l  2 


5=     S 


3  I  66 


0  ,  44 


r'l 


100 
100 


•The  Rppeudeil  traijoctorirn,  plotU-d  by  Cajit.  AVin.  Prince,  OiiliiRnce  Department,  are  tjikea  ttma 
Ordnanc'i*  Menioi-anda  Xo.  15. 


APPENDIX  P. 

EXPERIMENTS  WITH  SMALL-ARMS. 
Capt.  John  E.  Grrrb,  Ordnance  Department. 

SPACE  BETWEEN   BULLET  AND   POWDER  CHARGE. 

In  accordance  with  instructions  to  test  the  liability  of  a  rilie-barrel 
to  rupture,  owing  to  the  bullet  not  being  entirely  down  to  the  powder 
charge,  I  have  the  honor  to  8ubinit  the  following  report : 

In  order  to  insert  the  bullets  from  the  muzzle  it  wa.s  necessary  to 
slightly  reduce  them  in  diameter. 

The  shells  were  loaded  with  the  usual  charge  of  70  grains  of  powder, 
which  was  prevented  from  escaping  from  them  by  pasteboard  wads, 
an  open  space  of  about  half  an  inch  still  remaining. 

Two  shots  were  iired  with  the  bullets  just  reaching  the  front  of  the 
shells,  or  30  inches  from  the  muzzle,  and  two  at  25,  20,  and  15  inches, 
respectively. 

After  each  round  the  ban-el  was  carefully  examined;  no  signs  of 
swelling  or  yielding  in  any  manner  w^ere  visible. 

The  pressures  as  indicated  by  the  pressure-plug  are  given  in  the  follow- 
ing table: 


Distance  from  muKzIe. 


30  inches. 


Pressuro  per  sqnai-e  indi    5 

Mean 17,000 


Pounds. 
17.  750 
16,  2m 


25  inclif's.      2Q  inches. 


Pound*. 
9,000 
0,500 


Pounds, 
5,500 
5,250 


7,750 


5, 375 


15  inches. 


PoundM. 
4,100 
4,000 


4,050 


The  pressures  obtained  with  the  bullet  crimped  in  the  shell  in  the 
regular  manner  were  about  27,000  pounds. 

It  would  seem,  therefore,  from  these  results,  that  instead  of  an  air-space 
between  powder  and  bullet  being  a  source  of  danger  to  the  baiTcl  the 
bore  is  relieved  from  strain,  owing  to  the  larger  space  in  which  the  pow- 
der gas  is  permitted  to  ex^)and. 

Velocities  wxre  next  taken  with  the  bullet  crimped  in  the  shell,  just 
down  to  the  shell,  and  5  inches  in  advance  of  the  last  position,  or  25 
inches  from  the  muzzle,  with  the  following  results : 

Vtlocitii'd, 


Naniberof  shot. 


1 4 

2 

3 

4 

5 

Mean 


Bullet  crimped 
in  slu'Il  ns  in 
service  car- 
tridge. 


1390.6 
1368.1 
1382.8 
1371. 0 
1371. 0 


1376.7 


Bullet  30  inches 
from  niuzxie, 
or  just  down 
to  shell. 

Bullet  25  inches 
from  muxzle. 

1321. 5 
'                    1.311. 2 
1332.8 
1346.5 
1307.8 

1170. 1 
1010.4 
1027.1 
1031.0 
1031.0 

1323.9 

1053.9 
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In  order  to  ascertain  the  eflfect  on  accuracy  of  fire,  of  allowing  a  slight 
air-space  between  the  powder  and  ball,  two  targets  of  ten  shots  each 
were  made  at  300  and  also  at  500  yards  with  the  bullets  just  down  to  the 
shells,  or  30  inches  from  the  muzzle.  These  bullets  were  inserted  irom 
the  rear,'  and  were  not  reduced  in  size.    The  following  is  the  record : 


Accuracy, 
300  YARDS. 


Center  of 
impact. 


First  target. 


B. 


R. 


Mean  vertical  deviation  . . 
Mean  horizontal  deviation 
Mean  absolute  deviation. . 


2'M    ,  7".8 


Inches. 
5.6 
5.8 


8.0 


Second  target. 

Center  of 
Impact 

B. 
3".6 

R. 

5\2 

Me^n  vert1'*-fll  deviation  - . .  r 

Inches. 
&9 

Mean  horizontal  deviation 

3.6 

Mean  absolute  deviation 

&9 

500  YARDS. 


Center  of 
impact. 


Center  of 
impart. 


First  target. 


Second  target. 


Mean  vertical  deviation  . . 
Mean  horizontal  deviation 
Mean  absolute  deviation . . 


B.     I    R. 

l".l    I  3".2 


Inches. 
7.3 
11.2 
12.5 


I 

I  Mean  vertical  deviation  . . 
[  Mean  horizontal  deviation 


B. 

3" 


R. 

3".  8 


Mean  absolute  deviation. 


Inches. 

&4 

R.6 

12.0 


The  accura<5y,  it  will  be  seen,  is  fairly  satisfactory,  though  not  quite 
so  good  as  that  ordinarily  obtained  with  the  regular  cartridges.  The 
effect,  then,  of  placing  the  bullet  just  down  to  the  shell  is  to  reduce  the 
pressure  from  about  27,000  pounds  to  17,000,  and  the  velocity  from  1,376.7 
feet  to  1,323.9  without  materially  diminishing  the  accuracy.  Wliile  it 
would  be  impracticable  in  service  to  use  such  a  method  of  loading,  it  is 
thought  these  results  may  possibly  point  the  way  to  a  completeid  car- 
tridge in  which  an  air-space  exists,  the  velocity  being  brought  to  the 
proper  standard  by  varying  the  charge  of  x^owder,  and  which  will  cause 
much  less  strain  on  the  barrel  than  the  service  cartridge.  .This  could  be 
readily  determined  by  taking  any  gun  chambered  for  a  long-range  car- 
tridge and  using  lighter  charges  than  that  necessar^^  to  fill  the  shelU. 

In  other  words,  the  air-space  should  be  in  the  shell  and  the  bullet 
should  be  crimped  in  the  usual  way.  The  chief  expense  necessary  to 
such  a  trial  would  be  in  chambering  a  gun  and  the  pressnre-plng  block 
for  the  longer  shells. 


EFFECT  OF  CONTINUED  RAPID  FIRING  ON  THE  RIFLE. 


While  firing  a  large  number  of  cartridges  recently,  testing  firing-pina, 
the  opportunity  was  presented  of  complying  with  instructions  to  ascer- 
tain the  effect  of  continued  rapid  firing  on  the  piece,  so  far  as  its  capability 
of  being  handled  was  concerned. 
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Mr.  A.  Cranston,  of  this  armory,  was  selected,  as  having  great  experi- 
ence with  this  gun,  to  fire  it  the  requisite  number  of  times. 

Two  hnn(lre<i  rounds  were  fired  by  him  in  12  minutes,  or  at  the  rate  of- 
about  17  per  minute. 

This  was  accomplished  without  once  removing  the  left  hand,  which 
held  the  piece,  from  the  stock  or  changing  its  position.  The  barrel  be- 
came heated  sufficiently  to  burn  the  hand  after  20  or  30  rounds,  but  there 
is  no  need  to  touch  it  in  firing. 

So  far  as  the  heat  of  the  stock  was  concerned  the  pie<',e  could  easily 
have  been  ^red  many  more  rounds,  but  the  operator  became  fatigued 
holding  the  arm  oft-hand  and  firing  the  time  stated. 

The  piece,  after  being  thoroughly  cooled,  was  placed  in  the  rest  in  the 
l>roving  room.  Two  hundred  and  forty  cartridges  were  then  fired  in  10- 
uiiiuites,  or  at  a  rate  of  24  i>er  minute.  The  front  of  the  stock  appeared 
to  be  burning,  and  it  was  thought  best  to  discontinue  the  firing.  On 
examination,  however,  it  was  found  that  it  was  rubber  burning  on  the 
barrel,  the  rubber  having  been  melted  from  that  which  surrounds  the 
muzzle  in  the  rest.  The  piece  was  handled  freely,  and  it  could  have 
been  fired  at  least  100  rounds  more  by  being  careful  to  keep  the  fingers, 
from  the  barrel. 

After  25  rounds  fired  rapidly,  with  aim,  the  barrel  would  burn  the 
hands  if  held  tightly. 


RIFLE   SIGHTS   AND   POWDER. 

In  accoixiance  with  instructions,  I  have  the  honor  to  submit  the  fol- 
lowing report  on  the  various  sights  proposed  for  the  Springfield  rifle,, 
and  also  on  the  powder  employetl  in  the  preparation  of  cartridges  used 
in  connection  therewith. 

Three  sights  were  furnished  me  for  trial  and  comparison,  viz :  the- 
service  model  1878,  the  ^'bu(*khorn,''  recently  adopted,  and  one  proposed 
to  be  placed  on  the  tang  by  Lieut.  Col.  J.  C.  Kelton,  Adjutant-General's. 
Department. 

Targets  were  made  by  ^Ir.  E.  T.  Hare  at  distances  of  300  and  500- 
yards,  with  service  cartridges  manufactured  at  Frankfoixi  Arsenal,  July,. 
1878 — which  have  given  better  accuracy  than  any  others  received  from 
there  in  a  long  period,  and  cartridges  prepared  at  this  armory  with 
Hazard's  F.  G.  or  Kentucky  rifle  powder. 

The  following  table  shows  that  the  buckhorn  sight  gave  better  results 
at  both  ranges  and  with  both  kinds  of  cartridges  than  the  other  two ;. 
also,  that  the  best*  accuracy  was  obtained  with  this  sight  when  used  in 
connection  with  the  F.  G.  carl  ridges. 

800  YARDS. 


Sights. 


Tang 

Buckboni 
K«gnlar  . . 


Tamz 

Baokhom 
Ri'guUr  . . 


Cartridges. 


July,  1878. 

do  ... 

do    .. 


F.G 


do 
do 


Center  of  impact. 


A. 


B. 


7.2 


8.8  '.. 
19.7    .. 


11.3 


2.6 
17.9 


K. 


4.6 
.2 


Deviations. 


L.     M.V 


5.24 

2.9 

5.9     4.1 

2.1  I  3.1 
1. 7     3. 12 

3. 2  4. 72 


M.  H.  M.  A. 


2.88 
3.76 
3.88 

2.32 
1.84 
2.6 


5.98 
4.75 
5.65 

3.87* 

3.62 

5.3ft 
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500  YARDS. 


Sights. 


Tan<T 

Buckhom 
Regular  .. 


Tuie  ... 
J)ui-khor; 
Regular 


Cartridgea. 


Center  of  impact. 


Deviations. 


A. 


B.        R. 


L. 


bII.  V .  AL.  Ix.  jL  A- 


July  cartridges 4.7 

do I    8.6  ; 

do 3.09 


1.8 


10.7 
2».5 


34.4 
28.7 
27. 

22.5 
1&9 
16.7 


ft  24 
7.52 
8.3 

4.76 
9i08 
4.1 


6.32 
3  M 

4.8 

.  &9 
.  2.9 

!  7.9 


11.2 

7.14 
&9 


III  order  to  ascertain  whether  the  combination  of  buckhoin  sight  and 
F.  G.  cartridges  wonld  maintain  its  superiority  in  the  hands  of  different 
marksmen,  the  members  of  the  Armory  Club,  six  in  number,  were  required 
to  fire  the  buckhorn  and  tang  sights  with  both  kinds  of  cartridges  at 
200  and  500  yards. 

The  score  was  kept  according  to  the  Creedmoor  system. 

It  will  be  seen  by  insi)ection  of  the  table  that  both  sights  gave  better 
results  with  the  F.  G.  than  with  the  service  cartridges :  also,  that  the 
buckhoni  gave  the  best  accuracy  in  all  cases  except  the  last.  This  fall- 
ing off  was  due,  it  is  thought,  to  a  shifting  of  the  slide  along  the  leaf 
by  the  recoil,  owing  to  the  weakness  of  the  springs. 

Ihis  defect  has  been  corrected  by  kniuiing  the  edges  of  the  sight-base 

200  YARDS. 


Siffhts. 


Cartridges. 


Maximum.    Pe»«^t»Jf'?  "^ 
loaximum. 


Tang Frankford,  Jul j%  1878 

Buckhom do 


Tan 


'i 


F.G. 


Buckhorn 


prepared. 


210 
210 

210 
210 


80.95 
82.86 

83.3 
S3L» 


500  YARDS. 


Tang    Frankford,  July,  1878 

Buckhoni do 


Tan 
Buc 


ig F.  G.  prepared 

.•Khoni do 


170 
200 

210 
210 


72.94 
83. 

83.3 
8a  93 


It  has  been  found  after  many  trials  that  an  extremely  high  velocity  i*« 
not  ccmsistent  with  the. best  accuracy  with  the  Springfield  rifle.  The 
standard  is  1,350,  though  of  course  there  are  frequent  variations  above 
and  below.  The  velocity  given  by  the  July  cartridges  was  found  to  he 
but  1,312  feet,  and  the  excellent  targets  nifwle  with  them  go  far  to  show 
that  a  standard  of  perhaps  1,325  feet  would  be  the  most  suitable  for 
service. 

The  Kentucky  rifle-powder  gives  1,340  feet.  This  powder  is  of  more 
uniform  gi*ain  than  the  service  and  costs  about  3  cents  more  per  pound. 


APPENDIX  Q. 

ACTION  OF  SEA-WATER  OS  BRASS  CARTRIDGES. 
Capt.  JOHK  E.  Gkkrk,  Ordnau('<>  Dopai-tment. 

KXAMINATION     OF     BRASS     CARTRrDOE     SHELLS     TAKEN     FROM     THE 

WRECKED  STEAMSHIP  JOHN  BRAMALL. 

These  shells  were  under  water  about  ten  days,  and  after  their  recovery 
reinaiued  on  the  wharf  about  fifteen  days  before  inspection. 

About  200  cases,  containing  nearly  275,000  unloaded  shells,  wereopened 
and  samples  taken  from  each.  Both  exterior  and  interior  of  the  shells 
were  coated  with  verdigris,  or,  more  strictly,  the  oxychloride  of  copper, 
the  whole  being  in  a  wet  and  dirty  condition. 

Of  23  shells  brought  to  this  armory  only  three  had  the  fulminate  un- 
injured, or  so  slightly  as  not  to  prevent  explosion.  In  the  others  the 
fulminate  of  mercury  had  been  reduced,  and  the  free  mercury  ha<l  amal- 
gamated the  anvil^  heail,  and  primer  of  the  shell,  rendering  all  these 
parts  extremely  brittle,  and  so  much  deteriorated  as  to  well  deserve  the 
term  rotten. 

Ten  of  these  shells  1  reprimed  and  loaded  with  85  grains  Hazard  mus- 
ket-powder, and  tired  them  in  a  Peabody-Martini.  Five  of  them  split 
through  the  heiul,  two  of  them  in  eight  or  ten  places.  In  order  to  drive 
otf  the  damaged  primers — no  tool  for  the  purijose  being  at  haml — 1  tilletl 
the  shells  with  water.  1  then  inserted  a  bullet  in  the  mouth  of  each, 
and  tapped  on  it  with  a  hammer,  fomng  oft*  the  primer  by  hydraulic 
pressure.  Three  or  four  bui-st  in  the  head,  though  scarcely  any  pl^»8sure 
was  required — not  enough  indeed  to  swell  out  the  shell  or  change  its 
form  in  any  particular.  The  remaining  "shells  1  cleaned  and  laid  aside 
to  see  what  further  effect  time  would  have  upon  them.  The  metal  of 
these  shells  api)eared  extremely  brittle  at  the  head.  When  crushed  in 
a  vise  the  heads  cracked  in  many  places,  while  new  shells  of  the  same 
lot  would  fold  tightly  over  without  rui>tun\  The  action  of  the  salt  water 
had  also  been  to  eat  away  the  metal  around  the  primers,  causing  a  lib- 
eral escape  of  gas  at  every  round.  1  have  since  witnessed  a  trial  of  shells 
taken  from  the  same  lot  at  the  Winchester  Repeating  Arms  Company's 
Works.  Five  i)ackages  of  five  shells  each  were  taken,  the  old  primers 
removed,  reprimed,  and  lojwled  with  the  proof  charge  required  by  the 
Turkish  inspe<*tors.  This  charge  is  the  regular  one  of  85  grains,  but  is 
of  No.  4  powder  (American),  or  of  the  grade  ordinarily  known  as  ritie- 
l)Owder.  The  conditions  of  inspection,  so  far  as  relates  to  the  proof,  are 
that  from  each  lot  of  50,000  shells  200  shall  be  tired  with  the  charge 
mentioned.  Shouhl  two  shells  fail,  or  1  per  cent.,  200  more  are  taken, 
and  if  one  fails,  or  one-half  of  1  i>er  cent.,  the  whole  lot  is  rejected.  As 
these  shells  had  l)een  acxM^pted,  the  inference  is  that,  before  their  im- 
mersion in  the  salt  water,  they  were  strong  enough  to  sustain  ihe  proof. 
Of  the  25  shells  taken,  one  was  found  cracked,  and  one  was  retained 
by  Mr.  Bennett,  secretary  of  the  company,  for  examination  under  a 
microscope.  Of  the  23  fired,  9  burst,  4  dangerously;  that  is,  with  an 
escuipe  of  gas  that  w(mld  have  seriously  injured  the  eyes  and  hands  of 
the  firer.    With  the  hope  of  removing  the  mercury,  it  was  proposed  to 
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beat  the  beads'of  the  shells  and  volatilize  it,  if  possible.  Bloxam,  iu  111$ 
text -book  on  metals,  gives  the  boiling  point  of  mercury,  at  which  it  freely 
distils,  at  602°,  though  it  is  sensibly  volatile  at  temperatures  above  68" 
or  7(P.  He  afeo  gives  the  boiling  point  of  zinc  at  which  volatizatiou 
freely  takes  place,  at  a  blight  red  heat,  estimated  at  1004o.  With  thiit 
range  of  temperature  between  the  volatility  of  the  two  metals  it  would 
seem  possible  to  drive  oft'  the  mercury.  Fownes,  in  his  chemistrj',  c*>ii- 
firms  the  statements  given  above,  but  he  also  adds,  page  319,  what  is  ex- 
tremely pertinent  to  the  case  in  point,  '^  that  the  volatility  of  mercur}-  at 
the  boUing  point  is  singularly  retarded  by  even  minute  quantities  of  lead 
or  zinc.''  Here  the  zini*  is  thoroughly  amalgamated,  and  to  drive  oft'  the 
mercury  in  the  open  air  a  heat  is  required  which  approximates  the  heat 
required  to  volatilize  the  zinc  itself,  the  latter  fusing  at  770o,  but  little 
beyond  the  boiUng  point  of  mercury  when  no  zinc  is  present.  This  heat 
also  anneals  the  shell,  rendering  the  anvil  so  soft  as  to  be  incapable  of 
supporting  the  primer  against  the  blow  of  the  ftiiug  pin,  with  consequent 
miss-ftre.  In  addition,  the  metal  would  probably  set  out  more  like  cop- 
per, making  it  difticult  t<o  extract  the  shell  except  with  such  guns  as  tke 
Springfield,  having  a  lever  power  to  operate  the  extractor,  or  bolt  guns, 
having  a  cam  to  start  the  bolt  during  its  unlocking.  The  latter  point 
however,  was  not  determined,  owing  to  the  limited  number  of  shells  at 
my  command.  Ha\ing  been  rendered  soft  by  the  annealing,  these  shells 
would  also  be  unable  to  resist  distiguriug  by  the  rough  usage  they  receive 
in  service. 

Had  these  shells  been  of  copper,  or  nearly  so,  like  the  United  States 
service,  which,  it  is  understood,  contain  but  5  per  cent,  of  zinc,  the  amal- 
gamation, it  is  thought,  would  hardly  have  taken  place.  It  is  true  that 
all  metals  onlinarily  used  in  commerce  can  be  amalgamated,  with  the 
excei)tion  of  iron  and  platinum.  Copi)er  and  some  other  metals,  how- 
ever, offer  such  resistance,  that  the  amalgamation  is,' to  a  large  extent, 
surface  only.  Under  these  cii-cum  stances  it  would  seem  that  the  de- 
partment has  acted  wisely  in  selecting  copper  as  the  standard  cartridge 
metal,  especially  when  it  is  well  known  that  loaded  brass  shells  rapidly 
deteriorate  from  the  action  of  the  i>owder.  In  fact,  it  wa«  the  knowle<lge 
of  this  deterioration  that  induced  the  Turkish  Government  to  punthase 
unloaded  shells  and  balls  with  the  view  of  putting  them  in  store. 

With  regard  to  patched  ammunition,  it  again  would  seem  that  the 
action  of  the  department  has  be-en  wise  iu  rejecting  its  use. 

During  the  investigation  of  these  shells  Mr.  Hobbs,  of  the  Union  Me- 
tallic Cartridge  Oompany,  exhibited  some  loaded  cartridges  taken  from 
the  wreck  of  the  steamship  Guatemala  a  few  years  since.  These  ha<l 
patched  bullets.  The  patch,  by  capillary  attraction,  trausferre<l  the 
moisture  from  without  to  the  powder  within ;  and  though  the  cartridges 
were  several  times  carefully  cleaned  on  the  outside,  corrosion  continued 
to  take  place  from  within.  Never  being  entirely  freed  fix)m  moisture, 
the  action  between  the  shell  and  ball  continued,  causing  the  latter  to 
oxidize  and  exfoliate  in  a  manner  which  would  have  seriously  leaded  the 
rifting,  with  consequent  falling  off  in  accuracy  of  ftre.  In  the  matter  of 
accuracy,  the  service  bullets,  when  properly  lubricated,  give  better  results 
than  the  patched.  The  advantage  claimed  for  the  patch  is  absence  of 
leading  of  grooves ;  but  with  the  service  bullet,  with  suitable  lubricant, 
no  leading  of  any  moment  is  found  to  occur. 

The  patch  is  liable  to  become  roughed  up  and  mutilated,  giving  bad 
results ;  and  even  when  in  perfect  condition,  stripping  is  of  frequent 
occurrence. 
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This  was  uoticed  in  recent  trials  with  the  Springfield  and  Peabody- 
Martini  rifles,  when  the  accuracy  of  the  Springfield  was  'better  at  all 
ranges  than  the  Martini  with  its  patched  ammunition.  At  ranges  of 
nearly  1,700  yards  the  Martini  balls  sometimes  fell  two  or  three  hundred 
yards  short  of  the  target,  striking  the  water,  and  at  others  passed  way 
beyond  it.  It  is  thought  these  results  were  due  to  irregular  action  of 
the  patches. 


APPENDIX  R. 

REPORT  ON  MANL'FAC'Tl'RE  OF  LIFE-SAVINU  GVyS, 

Liout.  C.  W.  Wiiii"i»i.F,  Onhiauco  Dopartnient. 

(Seven  plates.) 

West  Point  ForNi>KRi> 
Cold  Spring,  N.  Y.,  March  10,  1879. 

On  the  12th  of  la»t  September  a  contract  was  awarded  the  West  Point 
Foundery  for  the  construction  of  two  hundred  2.5-inch  bronze  guns,  de- 
signed by  Lieut.  1).  A.  Lyle,  Ordnance  DepartAuent,  for  the  United 
States  Life- Saving  Service,  and  a  peiiod  of  four  niontte  was  alloweil 
for  it«  completion.  As  the  resident  inspector  at  this  foundery,  I  wa» first 
directed  to  super>ise  the  construction  of  these  guns,  and  finally  to  in- 
spect them  ;  and  I  have  the  honor  to  submit  the  following  description 
of  the  various  incidental  operations  : 

The  West  Point  Foundery  had  had  no  exi>erience  in  the  manufacture 
of  bronze  guns,  excei)t  that  derived  from  casting  a  few,  at  long  inter- 
vals, for  yachts. .  The  contract  prescribed  •  •  "  that  the  guns  sh^l 
be  made  of  bronze,  the  composition  to  consist  of  90  per  cent,  of  Lake 
Superior  ingot  copper  and  10  pei^  cent,  of  Banca  ingot  tin.  It  is  farther 
stipulated  that  no  scrap  metal,  such  as  zinc,  old  copper,  or  old  bronze 
shall  be  used  in  .the  fabrication.  It  is  stipulated  that  the  guns  shall  be 
cast  in  iron  chills ;  diameter  of  chills  at  breech  6^  inches ;  diameter  of 
chills  at  muzzle  5^  inches  ;  sinking-head  at  least  IS  inches  high.  One 
bronze  specimen  for  testing,  as  per  drawing  attached,  to  be  furnished 
for  ea<5h  gun.  The  tensile  strength  and  other  physical  properties  shall 
be  subject  to  the  approval  of  the  inspecting  officer.  Diameter  of  fin- 
ished bore  to  be  two  and  five-tenths  (2.5)  to  two  and  five  hundred  and 
five  thousandths  (2.505)  inches.''    •     •     • 

Plate  I  is  a  copy  of  the  drawing  which  accompanied  the  ox)ntract. 

The  South  Boston  Foundery  had,  not  long  before,  made  a  few  guns  for 
the  same  purpose.  Lieutenant  Lyle's  report  on  the  subject  had  not  yet 
been  published,  but  it  v^as  understood  here  that  one  difficulty  encoun- 
tered was  the  jiresence  of  minute  tilifonn  cracks,  which  covered  the 
surface  of  the  casting  and  necessitated  the  excess  of  metal  (0.5-inch) 
required  by  the  contract.  In  fact,  this  was  snpiwsed  to  be  the  only, 
though  a  very  serious,  obstacle  to  be  overcome.  Any  means  which 
would  prevent  the  formation  of  these  cracks  would  prevent  the  necessity 
of  the  extra  metal,  and  save  considerable  time  in  finishing.  It  wa.< 
thought  this  might  be  secured  by  casting  the  guns  under  pressure;  and 
with  this  object  in  view,  more  than  any  expectation  of  improving  the 
physical  qualities  of  the  aUoy,  a  special  mold  (Plate  III)  was  made,  to 
be  presently  described.  As  a  i)recaution,  however,  another  mold  was 
made  similar  in  size  and  shape  to  that  used  at  the  South  Boston  Found- 
ery, except  that  was  designed  with  the  intention  of  casting  with  the 
breech  down,  in  order  to  save  labor  in  finishing.  The  details  of  this 
mold  as  first  made  are  shown  in  Fig.  1,  Plate  II,  and  the  description  of 
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its  construction  is  so  similar  to  that  given  by  Lieutenant  Lyle  (page  219^ 
Report  of  Chief  of  Ordnance,  1878)  that  it  will  not  be  necessary  to  re- 
peat it.  The  thickness  of  the  chill,  however,  was  2.5  inches  instead  of 
1.75  inches,  and  there  was  no  sand-head.* 

Chill-mold  No.  3  (Plate  III)  was  similar  in  its  general  features  to  No. 
1  (Plate  II).  It  was,  however,  0.5  inch  smaller  in  interior  diameter, 
and  was  arranged  for  a  length  of  sinking-head  of  11  inches  instead  of 
18  inches.  The  mouth  of  the  mold  was  closed  by  a  cast-iron  plate  2.5 
inch  thick,  bolted  to  the  upper  horizontal  flange  of  the  chill.  A  hole 
was  boi*ed  through  the  axis  of  this  plate  to  allow  the  admission  of  the 
metal  and  of  a  small  steel  plunger  5  inches  long  by  4  inches  diameter. 
Two  iron  uprights,  secured  at  bottom  to  the  iron  bed-plate,  supported 
above  the  mold  a  30-ton  hydraulic  jack. 

Mold  No.  1,  completed  first,  was  first  used,  and  three  guns  were  cast 
of  inferior  metal,  simply  for  the  purpose  of  educating  the  molders. 

Six  giuis  were  then  cast,  using  the  prescribed  metals.  The  details  of 
the  operations  as  conduced  ditter  from  those  described  by  Lieutenant 
Lyle  principally  in  the  fa^itthat  the  tin  was  melte<l  in  a  separate  cruci- 
ble, and  that  its  mixture  with  the  copper,  which  was  poured  on  top  of 
it,  took  place  in  the  pouring-ladles. 

To  summarize  these  details : 

1.  Heating  tlie  chill-niold. — No  convenient  furnace  being  on  band,  this 
was  accomplished  by  building  a  wood  fire  about  the  chill,  which  was  in- 
closed in  an  iron  cage.  A  special  furnace  was  ultimately  built  for  the 
purpose. 

2.  The  furnaces. — Three  pots  were  used  for  the  copper,  each  contain- 
ing one  cnicible.  The  tin  was  melted  in  two  crucibles,  introduced  into- 
the  same  pot. 

3.  Charging  the  enwibles. — ^The  metals  were  placed  in  the  crucibles, 
and  after  being  weighed  the  tin  .was  removed. 

4.  Melting. — ^Tlie  fires  were  lighted  before  the  crucibles  were  intro- 
duced. When  the  copper  was  fairly  melted,  the  crucibles  containing  the 
tin  were  placed  in  the  pot.  When  melted,  the  tin  was  poured  into  two 
heated  pouring-ladles,  to  each  of  which  wa«  added  the  charge  of  copper 
contained  in  one  crucible,  the  mass  being  stirred  with  an  iron  rod.  The 
charge  of  the  thinl  crucible  (the  hottest  being  reta.ined  for  the  purpose) 
was  finally  divided  between  the  two  ladles. 

5.  Casting. — The  ladles  were  then  i)oured  in  succession  into  the  run- 
ner-box as  rapidly  as  possible,  the  surface  of  the  running  metal  being 
skimmed  with  a  wooden  scraper.t 

6.  Cooling. — With  gun  No.  1  the  mold  was  placed,  during  casting,  in 
a  barrel,  which  was  filled  with  running  water,  in  the  hope  of  preventing 
the  expansion  of  the  chill.  As  a  consequence  the  chill  cracked.  With 
guns  Nos.  2  and  3  water  was  poured  freely  on  the  chill  after  casting. 
With  Nor.  4  and  5  less  water  was  used,  and  with  No.  6  and  follow  ing, 
none  was  used  at  all. 

The  results  obtained  with  these  six  guns  are  contained  in  the  annexed 
table.  The  specimens  w^ere  taken  from  the  lower  part  of  the  sinking- 
head,  and  the  dimensions,  shown  in  Fig.  1,  Plate  V,  were  the  same  as  of 

*  These  prepftratioiis  for  casting  were  commonced  by  the  West  Point  Foundery  upon 
notification  thut  the  contract  had  been  awarded  them,  and  were  completeil  before  the 
receipt  of  the  articles  of  agreement. 

t  Snbseqiiently  the  pouring-lacUe  was  made  self-skimming. 
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those  taken  from  the  guns  made  at  the  South  Boston  Foundery  and  tested 
by  Mr.  C.  B.  Eichards. 
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The  appearance  of  the  fracture  of  each  specimen  indicated  loose, 
•coarse  texture,  and  imperfect  mixture  of  the  metals.  All  of  these  guns 
were  at  once  condemned. 

Gun  Xo.  7  was  then  cast  under  pressure  as  follows :  While  tlie  metal 
was  in  the  crucibles  the  chill  and  the  plunger  were  raised  to  a  dull  heat. 
As  soon  as  the  metal  was  ready  to  pour,  the  mold  was  lowered  into  its 
pit  and  adjusted  on  the  bed-plate  so  as  to  be  directly  under  the  press. 
When  the  metal  reached  the  level  of  the  liolp  in  the  upper  plate  the 
runner-box  was  removed,  and  the  plunger,  picked  up  by  tongs,  quickly 
fitted  to  the  hole.  Two  men  then  pumped  the  jack  down  as  far  as  the 
quickly  hardening  metal  would  permit.  Eight  guns  were  ultimately 
cast  under  pressure  witli  results  as  shown  in  following  table. 
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Guns  8,  9,  and  10  had  in  the  mean  time  been  cast  without  pressure. 
Up  to  No.  10  every  gun,  except  Xo.  7,  had  been  condemned  either  as 
imperfect  castings,  or  for  low  tenacity,  low  density,  or  poor  mixture  of 
the  metals.    Fortunately,  Mr.  Davis,  superintendent  of  the  ordnance 

*  ^^  Heads''  is  used  to  desiguate  metal  taken  from  the  body  of  condemned  castings 
and  from  the  main  part  of  sinking-heads;  ''chips/'  that  metal  which  works  its  way 
into  the  joints  of  the  mold  during  casting,  and  tfie  very  upper  part  of  sinking-heads. 
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Bhops  at  the  Washington  navy-yard,  who  had  had  n^nch  experience  in 
the  manufacture  of  bronze  guns,  was  present  at  this  time,  and  sugges- 
tions were  asked  from  him  in  regard  to  improving  the  character  of  the 
castings.    These  suggestions  were  as  follows: 

1.  The  guns  should  be  cast  breech  up,  for  the  purpose  of  increasing 
the  diameter  and  consequent  weight  of  the  sinking-head. 

2.  The  tin  should  be  melted  by  simply  adding  it  at  the  proper  time  to 
the  copper  in  the  crucibles;  not  melted  separately. 

3.  No  pouring-ladle  should  be  used,  but  the  crucibles  emptied  simul- 
taneously into  the  mold,  pouring  rapidly  until  the  mold  was  filled  to  the 
trunnions,  and  afterwards  more  slowly. 

He  had  never  seen  pressure  applied  to  a  casting  and  ventured  no 
opinion  on  it.  He  disapproved  of  heating  the  chill  beyond  merely  warm- 
ing it,  or  cooling  it  by  water  after  casting,  and  ultimately  recommended 
increasing  the  length  of  the  sinking-head  by  the  addition  of  a  sand-head, 
the  diameter  of  which  should  be  greater  than  the  diameter  of  the  rest 
of  the  sinking-head. 

His  suggestion  as  to  reversing  the  position  of  the  mold  so  as  to  cast 
with  the  breech  up  was  never  attempted,  but  in  casting  No.  12  his  rec- 
ommendations were  carried  out  to  the  extent  of  adding  the  tin  to  the 
copper  in  the  crucibles,  but  the  contents  were  mixed  in  the  pouring-ladle. 
An  attempt  to  apply  pressure  to  this  gun  was  unsuccessful,  as  the  plunger 
jammed  from  being  improperly  centered. 

Nos.  13, 14, 15,  and  16  were  cast  under  pressure  and  according  to  his 
suggestions,  except  that  the  mold  was  in  each  case  hotter  than  desired. 

No.  17  was  cast  in  mold  No.  2.  which  had  been  increased  12  inches  in 
length  by  the  addition  of  a  sana-head  (Plate  IV).  This  mold  also  dif- 
fered from  No.  1  in  that  the  interior  diameter  at  chase  was  5  inches  in- 
stead of  5.5  inches. 

No.  18  was  the  last  gun  cast  under  pressure,  the  operation  and  results 
being  too  irregular  to  warrant  further  experiment. 

No.  19  was  cast  in  the  same  mold  as  No.  17,  and  in  this  and  all  subse- 
quent castings  an  attempt  was  made  to  follow  uniformly  the  operations 
as  conducted  in  gun  No.  17.  Two  molds  were  used,  alternating  with 
each  other.    (Chill  No.  2,  Plate  IV.) 

From  the  met  that  the  upper  parts  of  sinking-heads  and  the  '< chips" 
which  were  formed  by  the  joints  of  the  mold  were  known  to  contain  a 
greater  percentage  of  tin  than  the  body  of  a  casting,  all  parts  of  a  sink- 
ing-head, after  being  cut  ftom  a  casting,  and  all  condemned  guns*  were 
broken  into  small  pieces  and  arranged  into  ^<  classes,"  according  to  their 
respective  distances  from  the  surface  of  the  sinking-head.  It  was  as- 
sumed that  the  upper  parts  of  sinking-head,  and  ^<  chips,"  contained  13 

*  The  constitution  of  the  alloy  changes,  not  only  in  the  cooling  bat  in  the  melting, 
by  the  continual  reduction  of  the  quantity  of  tin,  which  oxidates  much  faster  than  the 
copper,  though  the  latter  be  present  in  so  much  greater  mass.  Dussausov  found  that 
|;nn  metal,  having  the  proportions  of  100  copper  and  11  tin  by  weight,  had  the  follow- 
ing constitutions  after  eacli  of  six  consecutive  meltings,  indicating  the  rapidity  with 
which  oxidation  of  the  tin  occurs: 

RIAULTIMO  C02f9TITUTIOK  OF  AI.LOT. 

Fusions]                                                       Copp«r.  Tin. 

1 100.3  10.7 

2 100.7  10.3 

3 101.8  9.2 

4 •. 103.0  8.0 

5 104.0  7.0 

6 106.6  6.6     Ftifa Mallet,  Const,  of  Art'y,  p.  87. 
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per  cent  of  tin,  and  the  remainder  the  same  as  the  body  «f  the  gmi— 10 
per  cent.,  less  amount  lost  by  oxidation,  &>q. 

This  loss  from  oxidation  was  disregarded^  since  the  allowance  of  13 
per  cent,  of  tin  to  the  upper  parts  of  sinking-head  was  probably  slightly 
in  excess  of  the  true  amount.* 

In  making  up  the  charges  of  ^^bronze^  to  be  added  to  a  caating  a  cer-^ 
tain  percentage  was  taken  from  each  ^^class.^ 

The  contract  specified  that  a  specimen  from  the  sinking-bead  of  esuak 
gun  should  be  subjected  to  mechanical  tests,  and  the  dimensions  of  the 
specimens  were  prescribed  by  an  attached  dmwing  (Fig.  1.  Plate  T).  It 
was  paiticularly  desirable  that  this  standard  as  regards  dimensions 
should  have  been  maintained,  in  order  to  properly  compare  the  results 
with  those  obtained  in  the  very  careful  experiments  of  Mr.  C.  B*  Bifikr 
ards,  at  the  Colt's  manufactory. 

In  testing  specimens  from  1  to  12  (excepting  No.  7)  the  fracture  took 
place  close  to  the  upper  shoulder,  and  the  surfieu^  of  the  speoimeniS 
showed  no  indication  of  being  elsewhere  strained  at  all* 

To  ascertain  to  what  extent  the  portions  of  the  specimen  more  resiote 
from  the  sur£»ce  of  the  sinking-head  shared  the  weakness  exhibited  at 
the  shoulder,  two  specimens  were  taken  from  each  sinking-head  of  sev- 
eral castings,  one  turned  as  prescribed,  and  the  other  preserving  the 
total  length  of  ^>ecimen,  but  diminishing  the  distance  between  shoul- 
ders to  3  inches  by  extending  the  upper  shoulder  toward  the  oenter  of 
the  specimen.  (Plate  Y,  Fig.  2.)  This  would  oblige  tiie  fracture  to 
occul:  in  a  part  of  the  specimen  more  nearly  assimilating  to  the  charac- 
ter of  the  metal  in  the  gun. 

The  difference  in  results  was  so  marked  that  it  seemed  unjust  to  re- 
quire the  foundery  to  abide  by  an  agreement  which,  perhaps,  unjostlj 
was  condemning  gun  after  gun.  This  idea  was  strengthened  by  the 
following  experiments: 

1.  The  sinking-head  having  been  sufficiently  increased  in  length,  two 
specimens  were  taken  from  the  head  of  No.  22,  the  one  directly  above 
the  other,  and  while  the  upper  gave  a  tenacity  of  43,286,  the  lower  gave 
46,335. 

2.  Gun  No.  21  was  condemned  on  a  tenacity  obtained  fix>m  the  sinking- 
head  of  34,555 ;  but  a  specimen  taken  afterward  from  the  breech  gave  a 
tenacity  of  43,286.  Another  fact  considered  was  that  the  specimens 
tested  by  Mr.  Richards  were  taken  from  guns  cast  with  the  breech  up, 
whose  sinking-heads  were  consequently  of  greater  size  and  density  than 
those  here.  The  machine  in  use  here  for  testing  was  so  arranged  that 
the  first  straui  which  could  be  recorded  was  about  10,000  pounds  to  the 
square  inch.  Consequently,  no  delay  occurring  up  to  that  point,  the 
specimen  was  quickly  subjected  to  this  strain,  and,  crude  appliimoes 
rendering  very  nice  work  impracticable,  was  probacy  broken  in  less 

.  than  a  quarter  of  the  time  occupied  by  Mr.  Richards  in  attaining  the 
same  end.  This  alone  would  account  for  very  decided  differences  in 
tenacity  and  extension,  and  render  comparison  between  the  two  results 
unsatisfactory.  Consequently  I  recommended  to  Lieutenant  Lyle  that 
the  foundery  be  allowed  to  change  the  shape  of  the  specimens.  [Incon- 
venience was  then  fouud  in  consequence  of  the  extension,  which  was 
frequently  so  great  as  to  necessitate  the  lowering  of  the  beam  d«iring 
the  operation.! 

Guns  were  Deing  cast  at  the  rate  of  six  and  seven  a  day,  and  none 
could  be  touched  until  specimens  from  their  sinking-heads  had  been 

•  rWe  Mallet,  p.  y4. 
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broken  and  the  density  detennined.  One-half  of  the  time  allowed  by 
the  contract  had  been  expended,  and,  to  save  time,  x)ermi8sion  was  eon- 
tseqnently  given  to  reduce  the  total  length  of  specimens  to  4  inches,  pre- 
a^ving  3  inches  between  shoulders.  AU  specimens  after  No.  46  were 
turned  to  these  dimensions. 

Gun  No.  17  and  all  following  (except  No.  18,  cast  under  pressure)  were 
cast  with  a  sand-head,  whose  interior  diameter  was  larger  than  that  of 
the  body  of  the  gun,  for  the  purpose  of  securing  for  the  sinking-head  a 
large  amount  of  metal  which  might  remain  a  considerable  time  in  a  liquid 
state.  While  the  sinking-head  was  inclosed,  together  with  the  rest  of 
the  casting,  in  the  chill-mold,  it  hardened  with  the  same  rapidity  as  the 
rest-,  and  to  a  gr^t  extent  failed  to  perform  the  important  function  of 
supplying  to  the  body  of  the  gun  the  metal  required  to  replace  the 
shrinkage. 

An  attempt  was  made  to  secure  accuracy  in  the  weight  of  the  two  in- 
gredients of  the  alloy,  but  in  consequence  of  an  inability  to  personally 
superintend  the  operation  and  the  haste  with  which  the  work  was  prose- 
cuted the  success  was  but  partial. 

Comparing  guns  Nos.  25  and  26,  both  were  api>arently  treated  alike, 
and  the  molder,  aware  of  the  good  results  obtained  with  a  specimen  from 
No.  25,  expected  equally  good  from  No.  26.  Upon  investigation  it  was 
found  that  the  ^^ heads"  added  to  the. charge  for  No.  26  came  solely  troai 
the  upper  x>&ris  of  different  heads  in  which  the  percentage  of  tin  was 
considerably  greater  than  the  mixture  called  for. 

Pounds  Copper.        Tin. 

The  mixture  used  for  gun  No.  25  wm  ...  161  copper ...=sl61 

151  heads  (10  per  cent,  tin) =135. 9  15. 1 

r>  chips  (13  per  cent.  tin)=:    4. 3  0.7 

18  tin =    0.0  18.0 


Total  weight 335  301.2        33.6 


The  mixture  used  for  gnnNo.  26  was...  152  copper =152 

153  heads  (10  per  cent.  tin)r=137. 7  15. 3 

4  chips  ( 13  per  cent,  tin)  =    3. 48  0. 52 

17  tin =     0.00  17.00 


Total  weight 326                                              293.18  32.82 

But  under  the  supposition  that  the  ^*  heads"  contained  13  per  cent,  tin 

the  proportions  5ecame 152 

133.11  19.89 

3. 48  0.^2 

0.  17. 00 


Total 288.59      37.41 

making  the  mixture  contain  11}  per  cent.  tin.  The  appearance  of  the 
fracture  of  the  specimen  as  well  as  the  low  tenacity  had  suggested  at 
once  that  the  percentage  of  tin  was  too  great;  and  in  gun  No.  44  the 
same  peculiarities  led  to  an  investigation  which  ultimately  disclosed  the 
fact  that  a  double  charge  had  accidentally  been  added  to  the  copper,  in 
spite  of  the  presence  of  an  attendant  specially  employed  to  watch  every 
process  in  the  casting. 

Guns  Nos.  177  and  178  were  condemned  because  an  unknown  brand 
of  tin  had  been  used,  which  was  discovered  in  the  same  way  as  the  de- 
fects in  Nos.  20  and  44. 
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Althoagh  Banca  tin*  was  prescribed  by  the  contract,  a  brand  of 
English  tin  (^^  the  Lamb  and  Flag")  was  allowed  to  be  used  to  a  great  ex 
tent,  both  because  it  had  been  recommended  by  Mr.  Davis  as  the  tin 
'.almost  exclusively  used  by  the  Navy  in  their  gun  constructions,  and 
because  at  times  Banca  tin  could  not  be  obtained  in  the  quantities  and 
■at  the  time  required. 

In  Lieutenant  Ly le's  report  of  the  fabrication  of  his  experimental  guns 
at  South  Boston  he  speaks  (Report  Chief  of  Ordnance  for  1878,  p.  221 1 
of  castings  condemned  on  account  of  defective  trunnions.  The  sAmt 
difficulty  was  met  with  here,  and  was  similarly  remedied  by  cutting  away 
the  metal  in  the  chill  so  as  to  increase  the  size  of  the  trunnions  in  the 
casting.  Before  this,  however,  guns  Nos.  27,  31,  and  35  had  been  con- 
demn^ at  an  early  stage  of  fabrication  for  this  defect,  and  when  the 
first  lot  were  ofi'ered  for  final  inspection  many  more  of  the  guns  amoDg 
those  first  cast  suffered  a  like  fate.  To  save  these  guns,  which  were 
otherwise  satisfactory.  P.,  K.  &  Co.  asked  authority  to  ^<  bum  on  "  new 
trunnions,  a  process  which  consisted  simply  in  replacing  the  imi>erfec't 
portions  of  the  trunnions  with  new  m^tal.  Before  granting  pennissioii 
the  following  experiment  was  tried,  for  the  purpose  6f  testing  the  in- 
timacy of  union  between  the  old  and  new  metals  which  the  process  could 
guarantee :  A  cylinder  3  inches  long  and  1.5-inch  diameter,  cut  from  the 
sinking-head  of  one  of  the  guns,  had  new  metal  burned  on  to  it  until  itv< 
length  was  doubled.  The  cylinder  was  then  turned  down  to  the  shape 
of  an  ordinary  specimen,  in  such  manner  as  to  leave  the  joint  between 
the  two  metals  at  a  distance  of  1  inch  from  the  shoulder.  It  was  then 
broken  in  the  machine.  The  fracture  took  place  in  the  old  metal,  and  at 
a  distance  of  about  1  inch  from  the  point  of  union.  The  specimen  stood 
about  40,000  pounds  to  the  square  inch,  and  the  surface,  after  fracture, 
Xiresented  a  curious  api)earaiice.  (Plate  V,  Fig.  4.)  The  old  or  original 
metal  showed  the  ordinary  blistered,  flattened  ai)pearance  exhibit^  by 
good  bronze  under  such  circumstances,  but  the  surface  of  the  new  metal 
was  scarred  and  striated  in  the  direction  of  its  length,  and  resembled 
more  a  piece  of  tough  wrought  iron  after  strain. 

Permission  was  then  given  to  try  the  experiment  on  guns  Xos.  27,  31, 
and  33  (which  had  not  yet  received  their  powder  proof),  which  was  con- 
ducted as  follows : 

The  imperfect  portion  of  one  trunnion  was  turned  o£f  in  a  lathe  so  as 
to  leave  as  much  metal  as  possible  untouched  in  the  vicinity  of  the  rim- 
bases.  It  was  rarely  necessary  to  turn  off  more  than  one-tenth  of  an 
inch,  except  at  times,  from  the  face  of  the  trunnion.  The  gun  was  then 
buried  in  sand,  the  axis  of  the  trunnions  vertical,  the  trunnion  to  be 

*  The  purest  tin  in  the  market  comes  froui  the  islands  of  Banca  and  Billotin,  in  the 
Malayan  archipelago^  and  is  sold  once  or  twice  a  year  at  Amsterdam  and  Rotterdam. 
In  Whitney's  Metallic  Wealth  of  the  United  States^  published  in  1854,  is  giren  the  fol- 
lowing analysis  of  Banca  tin : 

Tin 99,d61 

Iron 019 

Lead 014 

Copper 006 

100. 000 

English  ^'  refined ''  tin.  from  the  Cornish  mines^  stands  next  as  regards  purity,  and 
is  followed  by,  1st.  English  tin  (which  includes  *^Lamb  and  Flag;)  Sd.  Straits  tin. 
from  the  Malayan  peninsula ;  3d.  Australian  tin. 

The  following  are  some  of  t^e  prominent  brands  of  Lake  Superior  copper,  a  prefer- 
ence being  given  to  the  first  two :  **  Minnesota/'  **  Quincy,"  "  Central,'*  "  Calumet  and 
Heda,"  '*  Copper  Falls." 
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repaired  uppermost.  A  mold  was  then  formed  in  the  sand  about  and 
above  this  tmnnion  and  slightly  larger  than  it  in  diameter.  (Plate  II, 
Fig.  2.)  A  ladle  of  melted  bronze  was  then  ponred  very  slowly  into  the 
mold,  which,  soon  overflowing,  ran  into  a  receptacle  prepared  tor  it  in 
the  vicinity.  The  molten  metal  gradually  melted  that  portion  of  the 
casting  with  which  it  came  in  contact,  and  when  this  fact  was  assured 
(by  feeling  the  face  of  the  trunnion  with  an  iron  rod)  the  pouring 
was  stopp^.  In  a  few  minutes  the  gun  was  taken  from  the  sand  and 
transferred  to  the  trunnion  lathe.  But  one  trunnion  was  prepared  for 
this  process  at  a  time,  in  order  to  have  the  assistance  of  one  finished 
trunnion  in  centering  tne  other  for  turning.  After  being  repaired,  these 
three  guns  were  subjected  to  the  usual  firing  proof,  and  having  stood  it 
satisfactorily,  all  other  guns  possessing  this  but  no  other  defect  were 
similarly  repaired. 

PROOF. 

According  to  the  contract  each  gun  was  to  be  '^  proved  by  firing  three 
rounds,  the  proof-charge  to  be  12  ounces  Hazard's  Navy  cannon-powder. 
•  ^  •  and  a  cylindrical  bolt  or  projectile  to  weigh  not  less  than  18 
X>ounds  •  •  ♦  ♦  *  the  jwwder  proof  to  be  applied  with  *  rough  boring  ^ 
before  ^finishing  reaming,'  diameter  of  rough  bore  to  be  firom  2.25  inches 
to  2.3  inches;  one  gun  from  the  first  lot 'finished  to  be  put  to  extreme 
proof  by  continuous  firing  with  heavy  charges." 

Guns  Nos.  7, 10,  and  14  were  fired  as  prescribed,  mounted  upon  a  car- 
riage which  was  made  to  recoil  up  a  sand  slope.  The  effects  on  these 
guns  were  somewhat  disastrous.  They  were  excessively  enlarged  both 
on  the  interior  and  exterior,  and  the  trunnions  were  badly  bent. .  Upon 
consultation  with  Lieutenant  Lyle  it  was  agreed  that,  since  8  ounces 
would  be  the  maximum  service-charge  for  the  guns  under  ordinary  cir- 
cuinstances,  the  proof-charge  could  be  diminished  to  that  amount.  As 
an  additional  precaution  the  carriage  was  lightened  so  as  to  reduce  it  in 
weight  to  86  pounds,  and  two  trunnion  rings  or  sleeves  (first  made  of 
bronze,  afterwards  of  steel)  were  made  to  slip  over  the  trunnions  to  pre- 
vent them  firom  being  bruised  during  the  proof  firing.  Three  small  pins 
were  subsequently  attached  to  the  outer  surface  of  the  sleeves,  wMch, 
fitting  into  a  groove  cut  in  the  trunnion  bed-plate,  prevented  any  out- 
ward motion.  When  first  used  these  rings  occasionally  slipped  outward 
slightly  after  the  first  fire,  and,  being  unobserved,  the  stram  at  the  next 
fire  was  thrown  on  a  point  of  the  trunnions  removed  firom  the  rimbi^s 
and  the  trunnions  consequently  bent  slightly  to  the  front.  Excepting 
this  mishap,  no  effect  was  produced  upon  any  gun  during  proof  after 
the  8-ounce  charge  had  been  adopted. 

It  has  been  stated  that  the  contract  required  one  gun  of  the  lot  first  fin- 
ished to  be  subjected  to  extreme  proof.  Gun  No.  18  had  been  original]^ 
condemned  on  account  of  the  weakness  of  the  metal,  as  shown  by  the  speci- 
men from  the  sinking-head,although  the  appearance  of  the  fracture  showed 
(what  most  of  the  early  guns  lacked)  afair  mixture  of  the  metals.  ByAcci- 
aent  this  gun  was  offered  for  and  subjected  to  proof,  after  which  it  was 
discovered  that  it  had  been  condemned.  An  offer  was  made  to  P.,  K. 
&  Co.  and  accepted,  that  this  gun  should  be  finished  for  extreme  proofl 
with  the  understanoing  that  if  it  failed  they  were  to  replace  it  and  stand 
the  expenses  of  its  proof. 
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First  proof,  n&  notioeaUfi  effeot.    (Gan  bored  to  2.3  iaohes^) 
QroBMSt  eoUrgetnent  of  bore  (midwa^r  between  vent  and  tnumionB)  0.0115  Inch,  ap- 

proxlinato. 
Greatest  mlargement  of  bore  at  mozslB,  0.001  inch. 
Enlargement  of  flrst  reinfbrce  8.5  inebes;  in  front  of  rent  0.0115  ixicb.    Tent  na- 

aerewed  and  found  to  be  in  perfect  condittoiL 
Enlargement  of  chaae  at  muzsle  0.005  inoh. 
(  Enlargement  of  flrat  reinforce  0.023  ineb. 
I  Enlargement  of  chase  0.0115  inch. 

{Enlargement  of  first  reinforce  0.05  inch,  pointof  greatest  enlargement  moving  tovaid 
tmnnions. 
Enlargement  of  chase  0.022  inch,  point  of  greatest  enlargement  midway  between  five 
and  tmnnions. 
C  Enlargement  of  first  reinforce  0.065  inch. 
{  Enlargement  of  cliase  0.050  inch. 
(  Enlargement  of  first  reinforce  0.080  inch. 

( Enlargement  of  chase  0.060  inch.  * 

'  Enlargement  of  first  reinforce  0.102  inch. 

Enlargement  of  chase  0.0663  inch. 

Enlargement  of  first  reinforce  0.106  inch. 

Enlargement  of  chase  0.068  inch. 
C  Enlargement  of  first  reinforce  0.121  inch. 
I  Enlargement  of  chase  O.OiM}  inch. 
5  Enlargement  of  first  reinforoe  0.121  inch. 
J[  Enlargement  o£  chase  0.101  inch. 
C  Enlargement  of  first  reinforoe  0.120  inch. 
{  Enlargement  of  chase  0.112  inch. 
I  Enlargement  of  first  reinforce  0.138  inch. 
{  Enlargement  of  chase  0.120  inch. 


After  commeDcing  to  fire  with  13  onnces  the  trunnions  were  fonnd  to 
be  slightly  bent  to  the  front^  and  after  the  third  round  a  slight  fracture 
was  observed  in  rear  of  the  trunnions  and  at  their  junction  with  the 
rimbases.  This  was  a  natural  consequence  of  the  bending  of  the  trun- 
nions, and  as  tiiey  bent  the*  more  to  the  front  (for  which  an  overtaxed 
carriage  was  greatly  responsible),  the  more,  but  to  a  slight  extent,  the 
fracture  extemied. 

After  completing  the  10  rounds  with  15  ounces  the  axis  of  the  tiun- 
nioiis  was  found  to  be  at  its  fiaceout  of  its  true  position  0.18  inch.  Toward 
the  close  of  the  proof,  gas  escaped  about  the  vent  piece. 

Three  hundred  and  three  rounds  had  now  been  fired  fh>m  gun  No.  IS, 
and  it  was  considered  that  its  endurance  was  sufficiently  proved.  It 
was  therefore  placed  in  a  lathe  and  first  cut  into  two  parts  tiirough  a 
plane  perpendicular  to  the  axis  oi  the  gun  and  in  front  of  the  vent 
^nd  the  forward  part  afterward  cut  into  two  parts  through  a  plane  at 
right  angles  to  the  axis  of  the  trunnions.  Serious  defects  were  found 
tb  exist  in  the  shape  of  holes  extending  fi^m  the  bore  toward  either  trun- 
nion, two  of  which  were  about  0.5  inch  deep.  It  can  only  be  surmised 
that,  as  this  gun  was  cast  under  pressure,  the  cinder,  which,  under 
onlihafy  circumstances  of  casting  has  a  tendencv  to  rise  to  the  surface, 
'may  have  been  retained  in  the  gun,  more  especially  as  the  means  used 
for  skimming  the  metal  was,  when  this  gun  was  made,  very  imperfect 

I^late  YI  shows  the  ultimate  enlargement  of  this  gun,  and,  for  the 
sake  of  comparison,  of  gun  l^o.  7,  both  cast  under  pressure,  after  proof- 
firing  with  three  rounds  with  12  ounces  of  powder.  To  an  extent  it  cor- 
roborates the  opinion,  entertained  at  the  time  it  was  suggested  changing 
the  pix)of-charge  from  12  to  8  ounces,  that  the  more  moderate  charge 
would  the  better  enable  the  gun  to  suosequently  stand  the  heavier. 
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INSPECTIOK. 

All  principal  dimensions  were  verifled  by  8i)ecially  constructed  gauges^ 
and  proved  the  work  to  have  been  performed  witii  great  care. 

The  workmen  had  been  provided  with  a  2.5-inch  Whitworth  gange, 
which  they  tried  in  the  bore  of  every  gun  before  it  left  the  boring-lathe ; 
nevertheless  the  bores  of  about  one-tenth  of  all  guns,  when  offi^^  for 
inspection^  were  found  to  be  sightly  small  and  had  to  oe  re-bored.  This 
was  due  to  the  fact  that  the  gauge  had  occasionally  been  tried  in  the 
guns  while  still  warm,  and  consequently  enlarged,  ftom  the  efGaet  of  the 
boring  tool. 

TABLES. 

Table  No.  1  contains  the  records  of  mechanical  tests  of  specimens 
taken  from  the  sinking-heads  of  guns  Nos.  239  and  227.  The  situation 
of  ttie  former  in  the  sinking-head  is  shown  in  Fig.  5,  Plate  Y.  Speci- 
mens 4  and  5  were  taken  fix>m  positions  in  TSo.  227,  corresponding  to  G 
and  A  of  same  plate.  Nos.  6  and  7  were  radial  specimens  from  the 
same  head. 
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A  feature  incidental  to  the  casting,  bat  which  is  not  shown  in  the 
records  on  account  of  the  meagemess  and  uncertainty  of  the  iuformatioD 
obtained,  was  the  extreme  variations  of  temperature  and  fluidity  in  tiie 
different  crucibles  of  melted  copper  designed  for  a  charge.  Daring  per- 
sonal observation  of  many  castings,  on  no  occasion  could  even  an  un- 
skilled witness  fail  to  notice  the  diSerences  between  the  contents  of  the 
two  ladles.  Sometimes  the  metal  in  one  crucible  would  be  exceedingly 
liquid,  while  the  other  was  almost  pasty;  sometimes  both  crucibles  were 
very  hot,  though  to  an  unequal  extent ;  at  other  times  both  quite  dull. 
The  defects  or  differences  resulting  from  this  irregularity,  whatever  may 
have  been  their  extent,  might  have  been  corrected  had  the  charg^es  been 
melted  in  a  furnace. 

Attached  to  this  report  are  extracts  from  a  publication  by  Lieut. 
Michael  Levitzky,  of  the  Bussiau  navy,  upon  the  fabrication  of  bronze 
guns,  which  have  been  taken  from  the  Eevue  cPArtilleriej  October,  1876 

*  *  *  The  most  complete  experiments  and  the  greatest  success  in  the  improTe- 
mente  applied  to  the  fabncation  of  guns  are  due  to  Col.  Alexander  Lavrov,  of  the  ar- 
tillery. His  works  commenced  by  a  very  complete  study  upon  bronze  guus  cast  in 
accoidance  with  a  series  of  tests  made  in  1868  at  Li^ge,  in  the  presence  of  experienced 
artillerists.  These  experiments  refer  to  the  temperature  of  tlie  metal  when  poured, 
the  rapidity  of  cooling,  the  eftect  of  annealing,  and  the  proportion  of  the  ingredients. 

The  following  are  some  of  the  principal  results  obtained  by  Colonel  Lavro  v : 


S  ' 
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The  metal  fused.      The  metal  cooled. 


4-5  I  Kapidly %...  Rapidly 

Slowly I. ...do.. 

KapiHly ....do  .. 

Slowly ....do  .. 

do I  Slowly. 


21-19 
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8.841 
8.855 
8.863 
8.805 
8.837 


&740 
8.563 
8.726 
8.649 
8.583 


J5 

3 

X 

1 

s 
S 

Pounds. 

Pound*. 

70,106 
54,367 
02,758 
60,293 
49.777 


47,73 
43,33: 
46.69 
43,723 
41,5«9 


These  results  prove  among  other  things  that  it  is  best  to  cool  the  met-nl  rapidly 
while  it  is  in  the  liquid  state,  and  to  hasten  the  cooling  even  after  solidification. 

This  suggested  to  Colonel  Lavro v  the  idea  of  discarding  in  future  the  method  of  cast- 
ing in  sand  molds  and  of  using  iron  molds  instead.  Such  molds,  which  produce  a 
sudden  chilling  of  the  metal,  impart  to  it  considerable  streusth,  and  moreover  have 
the  advantage  of  possessing  an  invariable  shape.  The  metal  consequently  solidifies 
into  a  volume  the  size  of  which  has  been  accurately  calculated  in  advance.  Another 
modification  was  designed  with  the  intention  of  assuring  uniformity  in  the  shrinka^, 
so  as  to  supply  from  the  liquid  metal  that  diminution  of  volume  which  occurs  while 
passine  from  the  liquid  to  the  solid  state. 

To  this  end  Colonel  Lavrov  so  designed  t}ie  interior  profile  of  the  mold  that  eAoh  of 
the  transverse  sections  should  be  at  least  equal  to  the  lowest  section,  so  that,  solidifi- 
cation commencing  at  the  bottom,  the  liquid  metal  might  feed  the  lower  parts  aa  fast 
as  and  to  the  extent  that  the  solidification  occurred. 

The  old  mode  of  casting  with  the  breech  down  was  then  discardetl,  and  from  that 
time  the  chase  fornie<l  the  lower  part  of  the  mold.  Moreover,  there  is  another  ad- 
vantage derived  from  this  mode  of  casting.  During  the  first  moments  of  cooling  the 
gun  may  be  considered  a  vessel  with  thin  walls  filled  with  a  very  heavy  liquid.  This 
will  contract  as  it  cools,  and,  if  the  breech  be  down,  will  be  suspended  by  means  of 
the  trunnions,  which  consequently  have  to  sustain  the  entire  weight  of  the  gun.  Thiii 
may  also  be  the  cause,  due  to  the  unequal  shrinking  of  the  different  parts,  of  produc- 
ing numerous  small  cracks  in  such  weak  spots  as  the  rear  of  the  trunnions,  which  are 
filled  with  white  metal,  the  fusibility  of  which  keeps  it  liquid  longer  than  the  rest  of 
the  mass.. 

In  onler  to  assure  the  mixture  of  the  upper  parts  of  the  casting  a  sinking-head  is 
placed  above  the  breech.    Its  cooling  is  retarded  by  a  sand- head  placed  on  top  of  the 
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mold  propter.     This  part  of  the  mold,  iucloned  iu  sand,  forms  a  reservoir  of  Hiiid  metal, 
which  supplies  the  space  produced  by  the  contraction  as  fast  as  it  occurs. 

The  trunnions  when  cast  have  the  shape  of  trapezoidal  prisms.  With  this  form 
they  have  the  advantage  of  being  able  to  descend  freely  with  the  rest  of  the  casting 
during  the  contraction  of  the  mass.  This,  however,  refers  to  small  castings.  For 
lar^e  calibers  it  is  far  preferable  to  cast  the  trunnions  separately  attached  to  a  ring, 
which  is  subsequently  heated,  slipped  over  the  ^un,  and  shrunk  into  place.     •     *      « 

We  can  now  pass  to  an  examination  of  some  or  the  details  in  the  fabrication  of  can- 
non ;  such  as  has  been  proposed  by  Colonel  Lavrov,  and  .such  as  he  has  actually  tried 
at  the  arHcnal  at  St.  Petersburg. 

The  mold  in  which  the  guns  are  cast  is  composed  of  three  or  four  cast-iron  flasks, 
each  of  which  is  formed  in  two  parts,  connected  together  by  bolts,  and  provided  with 
trunnions  or  handles  to  facilitate  the  manipulation  of  the  mold  and  its  disposition  in 
the  pit. 

The  assembling  of  the  mold  is  conmienced  by  laying  a  cast'-iron  bed-plate,  covered 
by  a  mixture  of  two  parts  of  broken  fire-brick  and  one  part  of  black  refractory 
sand.  *  *  *  Upon  tnis  bed-plate  is  placed  the  muzzle  section  of  the  mold  (A,  Figs. 
1,  2,  and  14,  Plate  Vll),  forming  on  the  exterior  the  frustum  of  a  right  pyramid,  and 
on  the  interior  a  truncated  cavity,  divided  into  two  parts  and  united  together  by  six 
bolts.  As  this  {tart,  after  tbe  solidification  of  the  casting,  is  only  lifted  when  laid  hori- 
zontally, it  is  not  furnished  with  trunnions  like  the  other  sections  of  the  mold.  The 
following  section  (B)  contains  the  trunnions  of  the  gun.  It  is  also  divided  into  two 
partH,  connected  together  by  foui*  bolts,  and  furnished  with  handles.  The  position  of 
the  trunniouH  is  marked  by  two  deep  prismatic  recesses,  which  are  symmetrically  divided 
by  the  plane  of  union  of  the  two  parts  of  the  flask. 

These  reresses  connnence  at  a  height  of  3  or  4  inches  above  the  trunnions  and  reach 
almost  to  the  bottom  of  the  flask  A.  Toward  each  end  the  recesses  gradually  diminlBh 
in  depth,  and  their  surfaces  as  gradually  coincide  with  that  of  the  interior  of  the  mold. 
The  breech  section  C  diflers  on^  fi*om  section  B  in  the  absence  of  the  recesses  for  the- 
trunnions  and  by  an  enlargement  made  in  the  upper  part  of  the  mold. 

Sometimes,  as  in  ^uns  larger  than  Q-pounders,  the  flask  C  is  replaced  by  two  flasks., 
the  lower  of  which  is  made  with  thick,  the  upper  with  thin  walls.  Finally,  the  mold 
of  the  sinking-head  D  is  so  made  as  to  secure  a  gradual  coolingof  the  metal.  This 
accounts  for  its  bein^  made  in  the  old-fashioned  way  of  sand.  The  entire  interior  of 
the  mold  is  then  painted  with  coke-wash,  and  afterwards  with  a  heavy  coat  of  the 
same,  until  the  surface  assumes  a  bright  metallic  appearance. 

Figs.  3,  4,  and  5  represent  the  plan  of  the  muzzle  part  of  the  flask,  the  section  of  the 
part  for  the  trunnions  and  the  section  of  the  part  for  the  sinking-head.* 

Trunnions  for  mortars  are  cast  separately  in  special  flasks,  Figs.  6  and  7.     *     *     * 

The  difterent  sections  of  the  flask  are  assembled  in  the  pit  of  the  fonndery  on  the  cast- 
iron  bed-plate,  which  rests  on  the  cylinder  of  an  hydraulic  press. 

In  order  to  sui)port  the  mold,  the  upper  sections  of  the  flask  are  held  by  two  chains 
fastened  into  the  walls  of  the  pit,  and  the  bottom  of  the  section  for  the  chase  is  se- 
cured by  means  of  an  especial  traiue  (Fig.  14,  E,  and  Fig.  8),  the  upper  plate  of  which 
is  cut  to  the  contour  of  the  flask  and  the  lower  pierced  through  the  center  with  a 
i-ound  orifice.    The  use  to  which  this  is  put  will  be  further  explained. 

Above  that  ])oitiou  of  the  mold  whicu  contains  the  sinking-head  is  placed  the  cap 
F  (Fig.  9),  which  is  united  to  the  bed-plate  by  four  rods  (G,  Fig.  14),  always  kept  in 
a  state  of  tension  by  means  of  the  springs  H  pressing  against  the  heads  of  bolts  U  at 
the  ends  of  the  rods  and  against  the  under  surface  of  the  bed-plate  R. 

Within  the  cap  is  inserted  an  earthen  tube,  r  (Fig.  10),  and  above  it  a  cast-iron  tube 
of  the  same  dimensions,  but  connected  with  a  rectangular  trough  L  (Fig.  11),  which 
in  its  turn  is  surmounted  by  the  compressor-block  M  (Fig.  12). 

A  conical  projection,  im,  is  attached  to  the  under  surface  of  the  block,  which  is 
pierced  at  its  four  corners  with  holes,  through  which  pass  the  ujirights  N  (Fig.  14), 
which  reach  to  the  bottom  ()f  the  pit,  where  they  hola  suspended  a  thick  c:wt-iron 
plate,  O,  upon  which  is  api»lied  the  piston  of  an  hydraulic  lack. 

At  the  moment  of  casting,  the  entire  arrangement,  M,  N,  O,  is  suspended  from  a 
crane,  and  the  extremity  of  the  conical  projection  is  from  2  to  2.5  Inches  above  the 
upper  orifice  of  the  tube  f.  But  hardly  is  the  mold  fiUed  with  metal  when  the  chain  of 
the  crane  is  lowered  and  the  hydraulic  pressure  applied. 

The  pist«>n  Q  presses  firmly  against  the  plate  O,  which,  by  means  of  the  uprights  N, 
pulls  down  the  compressor-block  M.  The  conical  projection  m  closes  the  upper  orifice 
of  the  tube  I,  and  the  tube  r  is  forced  into  the  liouid  metal  some  20  inches  (50  c.  m.) 

In  order  that  the  metal  may  not  escape  from  below,  the  lower  opening  of  the  section 
of  the  flask  for  the  chase  is  closed  by  means  of  a  disk  (Fig.  13)  about  3.5  inches  thiok| 
0.5  inch  of  this  thickness  fitting  into  the  flask  and  the  remainder  into  a  recess  cut  in 
the  center  of  the  inner  plate  of  the  frame  E  (Fig.  8).    The  whole  is  carefully  daubed 

with  sand  in  such  manner  as  to  prevent  all  possihle  escape  of  metal. 
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APPENDIX  8. 

DESCRIPTION  OF  THE  LYLE-EMERY  GRAPPLE  SHOT. 
Lieut  D.  A.  Ltlb,  Ordnance  Department. 

Four  plates. 

This  projectUe  was  devised  by  Lieut.  D.  A.  Lyle,  Ordnance  Depaiir 
ment,  U.  S.  A.^  and  Mr.  C.  E.  Emery,  draughtsman  at  the  National 
Armory.  It  is  intended  for  use  in  connection  with  the  2  J-inch  Lyle  gun 
for  life-saving  purposes. 

DESCRIPTION. 

Sliot  No.  1,  Plate  I,  marked  A  1. 

This  is  an  elongated,  solid,  cast-iron,  smooth-bore  projectile,  with  a 
wrought-ii'on  base  aiul  shank.  In  form  the  shot  is  cylindro-ogival.  The 
radius  of  the  ogival  head  is  equal  tx)  the  diameter  of  the  projectile.  An 
axial  cavity,  1.25  inches  (3.175  centimeters)  deep  is  bored  in  the  rear 
end  of  the  shot,  upon  whose  interior  cylindrical  surface  is  cut  a  female 
screw-thread  to  engage  the  screw  on  the  wrought-iron  base.  The  base 
has  a  cylindrical  axial  cavity  drilled  through  it,  with  a  rounded  groove  on 
one  side  to  accommcnlate  the  stop  and  stop-spring.  Tlie  fiont  end  of  this 
cavity  is  enlarged  by  counter-boring,  to  allow  the  necessary  longitudinal 
play  of  the  shank-head  in  opening  and  closing  the  flukes.  The  screw  on 
this  end  fits  that  in  the  body  of  the  shot.  At  the  rear  end  of  the  base  are 
cut  five  sectoral  slots,  equidistant  circumferentially.  These  slots  re- 
ceive the  heads  of  the  flukes,  which  are  fastened  to  the  base  at  these  points 
by  rivets.  Circular  grooves  are  milled  out  between  the  slots  to  allow 
the  insertion  of  the  rivets.  The  shank  is  of  forgexl  wrought  iron.  The 
firont  end  of  this  bolt  has  a  screw-thread,  ui)on  which,  after  insertion  in 
the  axial  cavity  of  the  base,  a  nut  is  placed.  This  end  of  the  bolt  is 
riveted  after  screwing  on  the  nut.  A  re<;tangular  groove  on  one  side 
of  the  shank  receives  the  stop  and  s]>ring.  Five  lugs,  j>laced  equidis- 
tantly  around  the  shank  near  the  forward  end,  serve  as  points  of  attach- 
ment for  tlie  links  that  extend  the  flukes.  The  rear  end  of  the  shank 
contains  an  eye-hole  for  attaching  the  line  in  firing.  Each  link  is  com- 
posed of  two  flat  pieces  of  Troy  steel,  with  holes  at  eac^h  end  to  receive 
the  rivets  that  connect  them  \vith  the  shank  and  fluke.  The  flukes,  five 
in  number,  are  also  made  of  Troy  steel.  Each  fluke  has  a  rounded  notch 
near  its  upper  or  forward  end  to  accommodate  the  corresx>onding  lug  on 
the  shank  when  closed.  All  edges  or  angles  are  carefully  rounded.  The 
details  of  form  and  constniction  had  to  be  such  as  would  permit  the  use 
of  the  projectile  in  the  2Jinch  gun  already  in  the  service,  and  prevent 
the  entanglement  of  the  line  as  much  us  possible  in  firing. 
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DIMENSIONS  AND  WEIGHT. 

^cIlm.    CentimetexB. 

Total  len^h  of  body  and  base 13.50    =34.289 

Length  of  ogival  head 2.17    =   5.5118 

Badinsofhead 2.50   =   6.350 

Length  of  cylindrical  part 9.83    =24.967 

Diameter  of  cylindrical  part ., 2.50   =   6.350 

Aadal  cavity— Length 1.25   =   3.175 

Diameter 1.50   =   3.810 

Baae— Total  length 2.75   =  6.985 

Body— Length 1.50   =   3.810 

Diameter 2.50   =   6.350 

Screw-thread— Length 1.25   =   3.175 

Diameter 1.675=   4.253 

Axial  cavity— Length 1.00   =   2.54 

Diameter 0.625=   1.587 

Width  of  slot  for  stop 0.24   =   0.609 

Connter-bore — ^Length 1.75   =   4.445 

Diameter 1.125=   2.857 

Stop— Total  length 2.10    =   5.334 

Width 0.24    =   0.609 

Greatest  thickness 0.20   =   0.508 

Least  thickness 0.14   =   0.355 

Height  of  shoulder 0.06   =   0.152 

Distance  of  shonlder  from  rear  end 1. 25    =   3. 175 

Shank— Total  lenirth 13.25   =33.654 

Length  of  screw-thread 0.65   =    1.651 

Diameter  of  screw-thread 0.625=    1.587 

Nut— Diameter 1.125=   2.857 

Thickness 0.625=    L587 

Length  from  plane  of  base 10.50   =26.670 

Distance  from  base  to  center  of  eye-hole 10. 00   =25. 400 

Diameter  of  eye-hole 0.40   =    1.016 

Widthateye 1.00    =    2.540 

Thickness  at  eye 0.40    =    1.016 

Diameter  of  neck 0.625=    1.587 

Stop  slot— Length 2.10    =   5.334 

Width 0.24    =    0.609 

Depth 0.10   =    0.254 

Lnga— Number  of Five.        Five. 

Length 0.60   =    1.524 

Height  above  axis  of  shank 0.875=   2.222 

Thickness 0.25    =   0.635 

Diameter  of  e;re '    0.30   =   0.762 

Links — ^Number  of  pieces Ten.  Ten. 

Length 2.10    =    5.334 

Width 0.60    =    1.524 

Thickness 0.125=    0.317 

Diameter  of  rivet  holes 0.30   =    0.762 

Distance  between  center  and  rivet  holes 1. 50   =   3. 810 

Flukes — ^Number  of Five.         Five. 

Length 8.30    =21.082 

Greatest  width 0.60   =    1.524 

Lesserwidth 0.30    =   0.762 

Widthatpoint 0.10    =   0.254 

Thickness 0.25    =    0.635 

Diameter  of  rivet  holes 0.30    =   0.762 

Distance  between  rivet  holes 2.05    =   5.206 

Total  length  of  shot  and  shank  with  flukes  closed 23. 50    =  59. 689 

Total  length  of  shot  and  shank  with  flukes  extended. . .  24. 60   =  62. 483 

Distance  of  center  of  gravity  from  base 5. 00   =12. 700 

Weight 18.218 -fibs.  =8.264  kiloi 

ACTION. 

The  projectile  is  inserted  iu  the  gun  point  first,  with  the  flukes  closed 

and  the  line  tied  in  the  eye-hole  of  the  shank.  In  this  position  the  base 
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of  the  shot  is  toward  the  muzzle  of  the  gun ;  the  flukes  partially  enter 
the  bore  while  the  shank  extends  beyond  the  muzzle.  In  firing,  the 
projectile  describes  the  first  part  of  its  trajectory  base  foremost;  the 
strain  upon  the  shank  being  toward  the  rear,  the  flukes  are  kept  closed ; 
but,  as  soon  as  the  projectile  reverses,  the  tension  on  the  line  draws 
oat  the  shank  to  the  limit  of  its  play  in  the  base,  spreading  the  flukes 
to  their  full  extent.  When  the  head  of  the  shank  reaches  the  bottom 
of  the  counter-bore  in  the  base  of  the  shot,  the  stop  is  thrown  out  by 
the  action  of  the  stop-spring  and  a  square  shoulder  catches  on  the 
base  and  prevents  the  closing  of  the  flukes.  The  latter  may  be  opened 
and  closed  readily  by  hand.  To  close  the  flukes  press  the  thumb  upon 
the  stop  until  the  shoulder  is  disengaged,  and  then  push  in  the  shank 
gently  till  its  head  strikes  the  front  end  of  the  counter-bore. 

USE. 

When  vessels  are  stranded  the  crews  sometimes  fasten  a  line  or  rope 
to  a  cask,  spar,  buoy,  or  raft,  and  heave  it  overboard,  hoping  that  the  wind 
ajid  waves  will  throw  it  on  the  shore  to  be  seized  by  persons  there,  thus 
establishing  communication  between  the  wreck  and  beach.  It  frequently 
occurs,  however,  that  there  is  an  inshore  current  that  carries  the  float- 
ing object  along  parallel  to  the  coast,  in  which  case  the  object  desired 
fails  to  be  attained.  This  projectile  was  devised  for  the  purpose  of 
firing  over  the  line  thus  paid  out  from  the  stranded  vessel,  so  as  to  pass 
above  that  line  at  some  point  between  the  cask  or  buoy  and  the  vessel, 
and  then  by  hauling  in  the  attached  shot-line,  the  flukes  grapple  the 
ship^s  line,  and  enable  the  life-saving  crew  on  shore  to  laud  the  buoy  and 
secure  the  line  from  the  vessel.  There  are  other  uses  to  which  it  may 
be  put  that  will  re^ily  suggest  themselves  to  tliose  familiar  with  the 
service. 

Shot  No.  2,  Plate  IIj  marked  A  2. 

This  projectile  only  differs  from  Xo.  1  in  having  the  body  two  inches 
shorter  and  the  shank  two  inches  longer  than  that  shot,  and  in  being  of 
less  weight    The  details  are  given  in  the  plate. 

•    WEIGHT. 

Weight 15.8125  lbs.         =  7.172kno8. 

Dintance  of  center  of  gravity  from  baiie 3. 875    inches    ^  9. 842  centimeters. 

EXPLANATION  OF  PLATES. 

Plate  I. 

Fig.  1.  Partial  longitudinal  section  of  grapple  shot  with  the  flukes 
closed. 

Fig.  2.  Same,  opened. 

Fig.  3.  Shank,  showing  lugs,  &c. 

Fig.  4.  Section  of  shank  showing  relative  position  of  lugs  and  method 
of  attaching  links. 

Fig.  5.  Side  and  rear  elevations  of  base. 

Fig.  6.  Plan  and  side  elevation  of  stop  and  spring. 

Fig.  7.  Plan  and  elevation  of  nut  or  shank-head. 

Fig.  8.  One  of  the  pieces  forming  the  link. 

Fig.  9.  Side  and  edge  of  fluke. 
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Plate  II. 

See  explanation  of  Plate  I.    The  same  figures  are  used  in  both  to 
designate  similar  parts. 

Plate  III. 

The  Lyle-£mery  grapple  shot  closed. 

Plate  IY. 
The  same  shot  open. 
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xiPPENDIX  T. 

DESCKIPTION  OF  THE  LAIDLEY  CAVALRY  FOK(iE. 

Col.  T,  T.  S.  Laiulky,  Onlnanct*  Depaitmeiit 

(Seven  plates.) 

The  cavaliy  board  of  1874  recommended  for  the  cavjdi'y  service,  '*  to 
supply  a  want  long  felt,"  "  the  adoption  of  a  traveling  forge-cart,  to  be 
issued  to  each  company  of  cavalry^  for  the  purjwse  of  carrying  the 
blacksmith's  bellows,  fire-box,  anvil,  coal,  blacksmith's  tools,  horse- 
shoes, nails,  and  iron  -,  also  for  the  purpose  of  carrying  the  extra  am- 
munition, saddler's  tools,  and  supply  of  leather  for  repairs  of  horse 
equipments."  The  cart  was  to  be  an  open  one,  without  cover  or  tail- 
board, and  of  such  size  as  to  give  a  ktowage  of  21.9  cubic  feet  for  tools, 
coal,*  and  materials,  packed  in  boxes,  and  aiTanged  for  draught  by  two 
horses  or  mules,  one  in  shafts  and  the  other  by  his  side  or  in  front. 

After  the  necessary-  strength  to  withstand  the  wear  and  tear  of  serv- 
ice, and  the  desired  efficiency  to  do  the  required  work,  the  next  most 
important  requisite  for  a  forge  for  the  f avalry  is  light  weight,  to  enable 
it  to  move  with  rapidity. 

Of  late  years  the  smith's  l)ellow«  for  blowing  his  fii-e  has  been  gradu- 
ally giving  place,  both  in  jmrtable  and  stationary  ibrges,  to  the  rotarj' 
fan-blowei*.  which  ha.s  the  advantage  of  giving  a  much  better  and 
steadier  blast  and  occu[)ying  less  space.  These  (lualities  fit  it  in  an 
eminent  degree  for  use  in  traveling  forges  and  specially  urge  its  claims 
for  favorable  consideration ;  but  it  was  found  on  visiting  shops  where 
both  systems  were  used,  that  the  bellows  were  preferred  by  the  work- 
men, and  this  arose  on  account  of  the  monotonous  and  tiresome  mode 
of  working  the  fan-blower,  which  was  done  by  a  t^nink.  Tliis  motion 
does  not  a^mit  of  the  same  change  of  position  as  that  for  blowing  the 
bellows,  but  calls  in  play  always  the  same  muscles,  and  admits  of  little 
(change  or  relief.  It  was  clear  that  in  order  to  make  the  introduction  of 
the  fan-blower  a  success  other  means  of  giving  motion  to  it  must  be 
devised.*  It  wjis  obser\'ed  that  sewing-machines  and  hand-lathes  were 
successfully  worked  by  Hall's  treadle,  which  communicates  motion  al- 
ways in  the  same  direction  by  simply  x)i'essing  the  foot  on  the  treadle, 
no  matter  in  what  position  the  fly-wheel  may  be ;  it  has  no  dead  centers. 
It  was  believed  that  if  the  blower  were  arranged  to  be  driven  by  a  lever 
worked  by  the  hand — so  as  to  enable  the  man  to  change  his  position 
and  shift  the  work  fi-om  one  hand  to  the  oth<»T,  the  sole  objection  to  the 
blower  would  disappear  and  a  better  and  more  constant  bla«t  be  ob- 
tained— the  space  occupied  by  it  being  less,  the  size  and  weight  of  the 
(•art  ('ould  be  diminished. 

A  bt^tter  disposition  of  the  fire-pan  wa*^  desirable,  so  as  to  obviate  the 
necessity  of  breaking  and  forming  the  conne(^tion  of  the  blast-pipe  with 

*Iii  tliia  conuectiou  I  have  to  caU  your  attention  to  the  credit  duo  to  Mr.  A.  T. 
Brewer,  of  this  ai-senal,  for  the  zeal  he  has  shown  and  the  intellifcence  that  has  guided 
it  from  the  he^iuuing  to  the  eompletion  of  this  work,  lie  first  brought  to  my  atten- 
tion the  fi-equent  ui»e  of  fan-blowers  for  iwrtable  forges,  and  besides  the  silent  ratchet, 
which  is  as  effective  as  ingenious,  there  are  other  mattem  of  detail  of  his  arranging. 
Without  his  ussiatance  I  am  sun*  the  details  of  the  forge  woiihl  not  be  a*  complete  as 
thev  now  an*. 
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the  lire-pau  whenever  tlie  forge  wa«  to  be  prepared  for  the  march  or  for 
work.  This  was  effected  by  making  this  connection  permanent,  and 
cansing  the  flre-pan  and  blower  to  slide  in  and  out  of  the  body  of  the 
cart  when  requii'ed,  or  not,  for  use,  like  a  table  drawer.  It  was  also 
deemed  advisable  to  pix)vide  the  body  with  a  light  wooden  coven  thf 
better  to  protect  the  contents  of  the  boxes  fronv  mn  and  dust. 

The  BODY — (Plates  I  and  II.) 

The  l)ody  of  the  cart  is  coni|)osed  of  two  sidei^  and  two  middle  sill* 
of  oak,  diminishing  in  depth  from  the  middle  to  either  end.  They  are 
let  into  the  axle  body  to  which  they  are  secured,  the  former  by  two  un 
der  straps  and  the  latter  by  two  bolts.  The  side  sills  are  rabbeted  to 
receive  the  ends  of  the  flooring  boards,  which  are  0.5-inch  ash,  and  con 
nect  the  sills  together.  The  rear  end  of  each  middle  sill  and  its  cotk 
spomling  side  sill  is  connected  by  a  rear  sill,  and  the  end  of  the  middle 
sill  is  braced  by  a  plate-support  hinged  to  the  end  of  the  cover.  Runs 
for  the  saddler's  box  are  riveted  to  the  supports.  The  footboard  !> 
fastened  to  the  sills  by  two  bolts  *in  each.  The  splinter-bar  conuectj* 
the  front  ends  of  the  sills,  which  are  held  by  one  bolt  in  each.  It  pro 
jects  beyond  the  bmly  on  the  off  side,  and  is  strengthened  by  two  irou 
braises.  Four  iron  stays  are  bolted  to  each  side  sill,  and  the  sides  of 
the  body,  made  of  0.5-inch  whitewood  boards,  are  riveted  to  them.  The 
rear  stays  have  projecting  lugs  with  holes  for  the  tail-rod.  Corner  irouj^ 
arc  screw(»d  to  the  front  end  of  the  boily,  which  is  cut  down  to  the  dis- 
tance of  one  foot  to  form  a  seat  for  the  driver.  Two  vertical  partition> 
parallel  to  and  in  fi'ont  of  the  axle  form  two  compartment***,  one  uudei 
the  driver's  seat  and  the  other  just  in  rear  of  it.  This  latter  is  further 
divided  in  the  middle  of  its  length  by  a  vertical  partition  running  cit*ss 
wise. 

The  spa(*e  between  the  middle  sills  in  rear  of  the  axles  is  not  floored. 
The  front  half  of  this  space  is  cx)vered  in  by  a  thin  boiler-i)late  inverts! 
arch,  closed  at  the  front  end,  which  is  listened  to  the  axle  body  and  se- 
cured to  the  top  of  the  middle  sills  by  the  screws  that  hold  the  guide- 
plates.  These  latter  direct  the  motion  of  the  forge-frame  in  sliding  in 
and  out.  The  step  is  fastened  to  the  side  sill  on  the  near  side  under 
the  foot-board.  A  seat-rail  is  screwed  to  the  top  of  the  driver's  seat  at 
each  end.  Four  stirrups  are  bolted  to  the  splinter-bar,  and  two  piutle- 
hooks  and  a  shackle  to  the  axle  body,  to  secure  the  shafts  in  ditterent 
positions,  as  required. 

The  anvil-rack  is  made  of  two  pieces  of  angle-iron,  secured  at  tlie 
tVont  ends  to  the  axle  by  two  tap-screws,  about  which  they  move  as  a 
hinge.  They  are  joined  at  their  rear  ends  by  a  cross-piece,  to  which  is 
riveted  a  hasp,  its  staple  and  plate  being  screwed  to  the  rear  gill.  A 
brake,  to  regulate  the  motion  of  the  cart  iii  going  down  hill,  is  pro\ided, 
and  is  opemted  by  the  driver's  foot  pressing  against  a  lever  just  in  fivnt 
of  the  splinter-bar.  Two  i)rops  made  of  gas-pipe  ai'e  hinged,  one  to 
the  front  and  the  other  to  the  rear  end  of  the  body,  and  are  held  in  ik>- 
sition  when  traveling  by  spring  catt^hes  operated  by  a  wire  rod  endiup 
in  a  ring  at  a  convenient  point. 

The  axle  is  let  into  the  axle  body  and  secured  to  it  by  the  under  straps 
shackle,  and  bolts.  Its  under  siu'face  is  in  cross-section  the  arc  of  a 
circle. 

The  cover  has  a  light  frame  composed  of  two  rails,  two  ends  of  oiik, 

.slightly  arched,  and  three  libs  of  ash,  covered  with  .375-inch  whitewocKl 

boards,  sheathed  with  No.  25  sheet -copper.     It  is  hinged  to  the  bodvat 
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the  rear  eud,  and  secured  at  the  front  by  a  hasp  and  staple  for  a  pad- 
lock. A  folding  iron  prop  holds  it  in  position  when  open.  No  tail- 
board is  required.  The  coal-box,  fire-pan,  smith's  and  saddler's  boxes 
fill  the  body  and  are  held  in  place  by  the  tail-rod,  which  is  secured  by 
a  key  and  padlock. 

The  shafts  are  curved  to  give  the  horse  greater  freedom  of  motion. 
Ill  the  selection  of  the  wood  care  must  be  taken  to  get  such  as  has  a 
<M)n-esponding  curve  in  the  grain,  so  as  not  to  cut  across  it.  The  large 
end  is  provided  with  an  iron  shaft-eye  by  which  to  attach  it  to  the  axle 
body ;  that  for  the  off*  shaft  is  bent  to  keep  it  away  from  the  wheels  so 
as  to  avoid  the  collection  of  mud  on  it.  Eye-plates  are  riveted  to  the 
front  ends  to  hitch  the  traces  of  the  horse  in  front.  The  shafts  may  be 
shifted  so  as  to  admit  of  the  cart  being  tlrawn  either  by  two  horses 
abrea8t  or  tandem.  A  whiifietree  hooks  in  an  eyebolt  on  the  near  end 
of  the  splinter-bar  for  draught  when  the  horses  are  abreast. 

The  wheels  are  57  inches  in  height,  have  sixteen  spokes,  bronze  naves, 
and  steel  tires. 

The  anvil  is  securely  attached  to  its  block  by  means  of  a  bolt  piissing 
through  the  latter.  The  head  of  this  bolt  has  a  screw-thread  cut  on  it, 
on  which  the  anvil-block  base  is  screwed.  This  is  a  circular  plate  of 
wrought  iron,  and  is  required  to  give  greater  stability  to  the  anvil  when 
in  use.    It  is  carried  in  the  lire-pan. 

Forge— (ria:te  111.) 

The  forge  is  composed  of  a  box-shaped  wrought-iron  frame  to  which 
are  securely  riveted  the  fire  box,  fan,  and  brackets  for  the  necessaiy 
gearing.  It  is  complete  in  itself,  and  may  be  used  either  in  the  cart  or 
phiced  on  trestles  in  a  tent  or  shop.  In  the  former  case  it  shdes  on 
brass  ways  fastened  to  the  middle  sills,  and  is  held  in  place  by  a  lock- 
ingboltj  P,  operated  by  the  lever  t.  The  fire-pan  F  is  formed  by  adding 
a  sheet-iron  bottom  with  a  large  hole  in  the  middle  to  one  portion  of  the 
frame  and  riveting  to  it  a  circular  cast-iron  dish  having  in  its  center  a 
seat  for  the  tuyere  and  a  connection  for  the  blast-pipe.  The  bottom  of 
the  latter  is  movable  and  forms  a  door  through  which  to  cleap  out  the 
ashes  which  may  fall  through  the  tuyere 

The  fire-pan  has  a  sheet-iron  double  cover  hinged  to  its  rear  edge, 
and  forming,  when  open,  a  fire-back  for  the  forge.  A  sheet-iron  apron, 
hinged  to  the  ui)per  front  edge  of  the  firepan,  closes  in  the  cart  when 
the  forge  is  not  in  use  and  excludes  the  dust.  The  rotary  fan  D,  Stur- 
tevant's  0000  pressure  blower,  about  twelve  inches  in  diameter,  is  se- 
cured to  the  transoms  S  S  by  four  bolt«,  and  admits  of  a  motion  Of  5- 
inch  to  the  fi^ont  and  rear  for  the  purpose  of  keeping  the  proper  tension 
on  the  belt,  which  is  effected  by  turning  the  screw  E.  The  rotary  fan 
requires,  in  order  that  it  may  perform  its  work  to  the  best  advantage, 
that  it  shall  revolve  rapidly.  To  attain  the  desired  speed  a  system  of 
gears  and  pulleys  is  necessary.  Two  wrought-iron  brackets  A  A  are 
riveted  to  the  transoms ;  their  bronze  bushings  form  the  bearings  for 
three  shafts,  B,  C,  and  G,  the  former  two  carrying  each  a  wheel  and 
pinion,  and  the  latter  the  driving-wheel  H,  with  teeth  cut  on  the  face 
and  both  edges ;  on  the  shaft  G  is  placed  the  lever  L,  which  carries  two 
pawls  working  in  the  ratchets  of  the  driving-wheel  H.  A  simple  device 
raises  the  pawls  from  the  ratchets  when  not  at  work  and  prevents  the 
(ilicking  noise  common  to  ratchets.  A  si)iral  spring  attached  to  the 
short  arm  keeps  the  lever  down  ready  for  use ;  the  brake  handle  is 'en- 
gaged in  the  link  T  and  resting  in  the  fulcrum  K.    A  rotary  motion  is 
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given  to  the  £aii  by  pressing  the  lever  down  with  the  hand,  contiuniu;: 
the  pnmp-handle  motion  >yith  a  length  of  stroke  to  suit  the  pleasure  or 
requirements  of  the  workman,  and  greater  rapidity  till  the  de^^ired  mo 
tion  is  given  to  the  fan ;  it  is  always  in  the  right  direction. 

In  the  carts  first  built  the  driving-wheel  and  lever  were  ditt'ereut  fron. 
that  just  described.  The  wheel  had  in  place  of  the  ratchet  a  projectiug 
rim,  and  the  lever  instead  of  the  ]>awl  had  two  bronze  arms  bearing: 
two  steel  gibs  embiucing  the  rim ;  when  the  lever  was  raised  the  gilw 
caught  the  rim  of  the  wheel  and  by  their  friction  caused  it  to  turn. 

The  silent  ratchet  was  preferred  on  account  of  its  i>ositive  action  ami 
the  less  accnr«a<»y  of  adjustment  itxpiired  for  its  satisfactory  ixMlbrm- 
ance.  The  fulcra  K  K  are  riveted  to  the  fmuie  and  have  a  hinge  near 
their  lower  ends  that  they  may  be  folded  down  on  the  tire-pan  when  not 
in  use.  The  diax>hragm  M  is  rivete<l  to  the  frame  and  closes  against 
the  fan  protector,  excluding  the  dust  and  dirt  from  the  fan  and  gearing. 
A  galvanized  sheet-iron  hwxl  covere  the  gearing  and  protects  it  firooi 
accident :  a  po<*ket  in  the  right  side  is  nuide  to  carry  the  brake  handle 

Boxes— <''l«tt*^  l^'O 

The  boxes  are  ma^le  of  .5-inch  whitewood  l)oards  dovetiiiled  and  at* 
curely  held  together  by  small  screws  and  corner  ircms ;  one  end  of  each 
is  covered  ^with  sheet-iron  to  ])rotect  it  from  the  effect  of  the  sraithV 
fire. 

The  smith's  tool-box  has  thi'ee  horizontal  partitions  in  it,  made  of  l-incb 
ash  boards;  a  compartment  for  holding  the  saddlery's  bags,  or  small 
stores,  is  nmde  in  the  front  pai't  of  the  box  on  top;  access  is  had  to  it 
when  the  cover  is  raised.  The  rear  end  of  the  box  is  closed  by  a  door 
covered  with  sheet-irou,  hung  on  hinges ;  it  is  seciu*ed  when  in  the  cart 
by  the  tail-rod,  but  has  also  a  padlock  tor  security  when  the  l>i»x  is  re 
moved  from  the  cart. 

Tlie  coal-box  coiTcspouds  in  construction  with  the  tool-box  except  it 
has  no  horizontal  paititions,  but  has  a  sliding  door  of  iron,  in  the  rear 
^ttid,  through  which  the  coal  is  taken  out  as  required ;  this  door  has  a 
handle  which  is  secured  by  the  tail-rod.  The  box  is  filled  with  coal  ffom 
the  top,  first  having  been  partly  pulleil  out  to  the  rear ;  it  will  contaiit 
on,e  hundred  and  sixty-five  pounds  of  coal.  1 

The  saddler's  box  is  of  an  irregular  shape,  with  deep  sides  to  contain 
the  leather  and  thus  utilize  all  available  space  about  the  forge ;  it  ha^  a 
cover  hinged  at  the  rear  end  and  is  secured  by  a  chest  lock  ;  it  shde^ 
when  in  the  cart  on  iron  runs,  and  is  held  by  a  hasp  and  staple  to  thr 
end  of  the  covei^,  secured  by  a  padlock ;  it  may  be  removed  or  retaine^l 
in  the  cait  at  pleasure,  independently  of  the  other  boxes. 

The  shoeing-box  is  the  same  as  that  for  the  field- forge  except  in  length, 
the  former  being  one-half  inch  shorter  than  the  latter ;  it  is  carried  on 
the  flre-i)an  cover.  The  compartment  under  the.driver\s  seat  is  for  car 
rying  the  saddler's  horse  and  clamp ;  the  door  in  fix)nt  closes  against  an 
iron  rabl)et  and  is  held  by  two  spring  lH>lts,  one  of  them  secured  by  n 
padlock.  The  compartment  for  spare  anmiunition  is  secui-cnl  by  a  slid 
ing  bolt  and  staple  ^^itU  a  padlock. 

REMARKS. 

When  the  forge  is  jiacked  for  traveling,  the  materials,  tools,  aiwl  iw 
plements  are  all  under  lock  and  key  and  not  liable  to  be  lost  or  stolen. 

The  capacity  of  the  boxes  for  storage  is  gre^iter  than  that  askeil  t'oi    ] 
by  the  board  by  1.6  cubic  feet. 
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The  time  required  to  prepare  the  tori^re  for  work  or  for  trausportatiou 
is  not  more  than  a  minute,  and  the  hitter  can  be  performed  though  the 
lire-pan  may  lie  greatly  heated.  The  bhi4»t  is  strong  enough  to  i-aise  the 
tuyere-plate,  weighing  four  pounds,  from  its  seat,  and  a  baggage-wagon 
axle  may  be  brought  to  a  welding  heat  in  its  ftre.  It  has  been  found  to 
meet  all  the  reciuirements  of  the  m^rvioe,  and  has  furnished  the  conven- 
iencies  for  keeiiing  sIhkI  for  five  months  a  wagon  train  of  750  horses  and 
mules. 

It  is  l)eli<»ved  that  the  advautagrs  gaine<l  by  having  the  boxes  remov- 
able from  the  body  is  not  commensurate  with  the  exjKMise  and  additional 
weight  that  it  necessitates,  and  it  woidd  be  better  to  make  them  ])erma- 
nent  fixtures  to  the  cart. 

To  use  fhe/onfe. — To  prevent  tlie  cart  from  tipping  over,  chock  tlie 
wheels  in  front  and  i-ear,  and  let  down  both  props  by  pulling  the  handle- 
rings  in  front  and  rear.  Unlock  and  take  the  key  out  of  the  end  of  the 
tail -rod;  withdraw  it.  Let  down  the  forge  door  and  take  out  the  shoe- 
iug-box.  Grsisp  tlie  hasj)  of  the  forge  door  with  the  right  hand,  insert 
the  middle  finger  of  the  left  hand  in  the  handle  of  tlie  locking-bolt; 
draw  out  the  forge,  jmlling  both  hands  towanl  the  body ;  as  soon  as  the 
forge  ha«  moved,  let  go  with  the  left  liand,  continuing  the  a<*tion  with 
the  right  till  the  hM*king-bolt  stoi>s  it.  Kaise  the  fulcnim  to  a  veiticiil 
position.  Unlock  and  turn  the  anvil -hasp;  seize  the  anvil-bloek  ^vith 
both  hands ;  di*aw  it  out  till  the  anvil  rests  neai*  the  end  of  the  slide ; 
take  the  anvil-plate  from  the  fire-pan,  screw  it  on  the  end  of  the  block, 
and  place  the  anvil  four  feet  in  rear  of  the  cart  and  six  inches  to  the 
left  of  the  left  wheel ;  withdraw  the  brake-handle  from  its  pocket,  hook 
the  end  in  the  link,  and  enter  the  handle  in  the  slot  in  the  fulcrum  on 
the  right,  if  the  smith  have  a  helper ;  on  the  left  if  he  have  none.  Bear 
down  on  the  handle  gently  at  first,  raise  it  a  foot  and  bear  down  some- 
what harder,  increasing  the  pressure  as  the  fan  gains  speed,  continuing 
this  pumping  motion,  and  vaiying  the  rapiditj'  of  the  stroke  acex>rding 
to  the  amount  of  blast  required. 

To  remove  th^  forge  from  the  cart. — Place  two  trestles  parallel  to  each 
other,  J 6  inches  apart;  raise  them  to  a  height  of  2  feet  8  inches.  Two 
men,  one  on  each  side  of  the  forge,  take  hold  of  it ;  one  pulls  the  handle 
of  the  stop-bolt,  and  both  draw  the  forge  to  the  rear  and  place  it  length- 
wise on  the  trestles.  Take  out  the  smith's  chest  and  coal-box  in  the 
same  way  and  plai*^  them  in  convenient  places. 

The  saddler's  chest  may  be  taken  out  or  left  in  the  cart  after  the  oth- 
ers have  been  removed. 

To  pack  the  forge  for  traveling,  proceed  in  the  inveree  order  to  that 
already  described. 

To  load  the  cart. — Draw  the  coal-box  i)ai*t  way  out  to  the  rear ;  put  in 
the  coal  fi*om  the  top ;  push  it  well  to  the  front  end  of  the  box.  Take 
the  saddler's  horse  to  pieces  by  unscrewing  the  screws  in  the  legs,  clamp, 
and  rounds ;  ]>ack  them  and  the  saddler's  clamp  in  the  box  under  the 
driver's  seat.  Distribute  the  rest  of  the  load  so  that  the  horse  in  the 
shafts  shall  not  have  too  great  a  weight  on  his  back  and  shall  work  to 
the  best  advantage. 

Care  and  preservation  of  the  forge. — Keep  the  wheels  clean  and  the 
journals  well  oiled.  See  that  the  oil-cups  always  have  oil  in  them.  Pre- 
serve the  belt  soft  and  pliable  by  oiling  it.  If  it  become  loose  and  slip 
on  the  pulley,  slacken  the  set-screws  which  hold  the  fan,  in  front  and 
rear ;  draw  the  fan  back  by  means  of  the  tangent  screw ;  tighten  the 
set-screws.  Keep  up  just  suflScient  tension  on  the  belt  to  prevent  it  from 
slipping.    liefore  fording  a  deep  stream  remove  the  belt  from  the  pulley 
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to  keep  it  from  getting  wet ;  after  passing  the  stream  ^pe  the  niaehio 
ery  dry  and  oil  it. 

To  prepare  a  new  belt,  use  thin,  soft  leather;  wet  it  thoroughlv, 
stretch  it,  and  nail  it  to  a  board  till  dry.  Sew  the  ends  together  after  i* 
ha»s  been  cut  to  the  proper  length.    Oil  it  well. 


DIMENSIONS. 

IncluP- 

Width  of  track  of  wheels ---,. 62 

Whole  length  of  axle - 'O.*^ 

Width  of  body 47 

Length  of  bodj- -.. 66 

Length  of  cart,  including  nhafts 154 

Height  of  wheel 57 

WEiGnxs. 

Paands. 

One  wheel lOe 

Shafts  (both) 47 

Anvil-block  and  base 106 

Forge,  hood,  &c - 145 

Tool-box,  empty 55 

Coal -box,  empty 63 

Coal-box,  filled  with  coal :J28 

Saddler'sbox , 44 

Whifflotree 4 

Tuyere 4 

Anvil  base 7.  ft 

"Cart  (comi>lete),  empty 1,075 
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APPB:^^DIX  u. 

SWOLLEN  BARRELS  IN  SERVICE  SMALL-ARMS. 

Indorsement  upon  a  letter  written  hy  Capt.  J.  JET.  Smithj  Nineteenth  Infam* 
try,  U.  8.  Army^  to  the  Ohuf  of  Ordnance,  wnder  date  of  August  12, 
1879. 

National  Aemoby,  September  6, 1879. 

Beapectf ally  returned  to  the  Chief  of  Ordnance. 

JS  very  rifle  and  carbine  made  at  this  armory  is  fired  at  least  five  times 
with  the  service  cartridge  besides  three  proof  charges,  viz:  280,  260, 
and  80  grains  of  powder  and  a  heavy  bnllet,  respectively.  There  have 
besides  been  many  thousand  ciu-tridges  fired  in  testing  experimental 
gnns  and  cartridges.  In  all  more  than  1,000,000  of  cartridges  have 
been  fired  since  1870,  and  in  no  instance,  so  Gar  as  can  lie  ascertained, 
has  there  ever  occurred  the  bursting  or  swelling  of  a  barrel  at  or  near 
the  muzzle.  From  these  facts  I  think  it  may  be  safely  inferred  that  a 
swollen  or  burst  muzzle  in  service  must  result  from  some  obstruction. 

A  report  of  a  trial  made  by  Captain  Greer  at  this  armory,  herewith 
inclosed,  shows  the  effect  of  firing  the  service  rifle  with  different  kinds 
of  obstructions  placed  in  the  bore  at  the  muzzle. 

J.  G.  BENTON, 
Colonel  Ordnance^  Commanding. 


National  armory, 
Springfield^  Mass.j  September  5, 1879. 

Sir  :  In  accordance  with  your  instructions  to  ascertain,  if  practicable, 
from  what  causes  the  swelling  of  the  muzzle  of  the  service  rifle  results, 
I  have  the  honor  to  submit  the  following  report :  Two  condemned  barrels 
were  taken  at  random  from  a  lot  tuinied  in  from  the  field.  Eight  or  ten 
rounds  were  fired  from  one  of  them,  rags  of  various  sizes  having  been 
inserted  in  the  bore  a  little  below  the  front  sight,  without  afiecting  the 
barrel  the  slightest.  Sand  next  having  been  inserted  in  the  muzzle,  the 
barrel  was  shaken  so  as  to  remove  all  but  a  few  grains  which  adhered 
to  the  fouling ;  the  piece  was  then  fired.  This  was  repeated  several 
times  without  swelling  the  muzzle.  The  barrel  was  then  nm  into  wet 
sand  and  the  bore  nearly  filled  for  about  an  inch  and  a  half.  After  fir- 
ing in  this  condition  the  barrel  was  found  swelled  at  the  muzzle  precisely 
like  those  that  have  been  received  from  time  to  time  from  the  field.  Sev- 
eral pine  plugs,  from  six  to  eight  inches  in  length,  were  then  prepared 
of  a  size  to  fit  the  bore  closely.  The  second  barrel  was  fired  twice  with 
the  plugs  driven  in  dry  about  one-half  tlieir  length,  twice  driven  in  wet, 
and  twice  driven  in  dry,  but  afterward  swelled  by  steam  both  iuside  ana 
outside,  without  injury  to  the  barrel.  The  inclosed  air  probably  forced 
^the  plugs  out  before  the  bullet  reached  them.  A  plug  was  then  split  in 
*two  to  represent  a  broken  tompion,  the  air  being  free  to  pass  by  the  plug. 
It  was  thought  the  bullet  might  wedge  on  the  remaining  side  of  the 
plug,  but  the  barrel  was  found  uninjui-ed  after  the  shot  was  fired.  Occa- 
sionally the  cup-anvil  of  the  Prankford  service  shell  has  been  found  in  the 
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barrel  after  firing.  It  was  thought  possible  that  one  of  tliese  might  be- 
come wedged  in  the  barrel  and  cause  the  swelling.  To  test  this  question 
an  anvil  was  driven  down  squarely  across  the  barrel,  just  opposite  the 
firont  sight.  The  piece  was  then  fired  without  injury  to  the  barrel.  A 
second  anvil  was  driven  down  to  the  same  position,  but  obliqaely  to  the 
axis  of  the  bore.  No  damage  resulted  from  the  firing.  A  long  wad  of 
cotton- waste  was  then  wet  and  rolled  into  a  spiral  and  forced  down  the 
barrel  several  inches  by  the  ramrod.  The  piece  was  then  fired,  when 
the  barrel  was  found  swelled  a  little  beyond  the  wad,  which  vra»  proba- 
bly carried  forward  a  few  inches  before  the  bullet  wedged  upou  it. 

It  would  seem  from  tiiese  trials  that  swelling  at  the  muzzle  is  caused 
chiefly  by  sand  at  that  x>oint,  rags,  &c.,  being  blown  out }  bat  that  rags 
lower  down  may  cause  a  swelling  at  some  point  between  their  position 
and  the  muzzle ;  that  the  use  of  tompions  is  less  hurtful  than  heretofore 
supposed ;  and  finally,  that  swelling,  not  being  easily  produced,  is  the 
result  of  negligence  in  not  seeing  that  the  bore  is  free  from  obstructions. 
Very  respectfully,  your  obedient  servant, 

JOHN  B.  GREER, 
Captain  of  Ordnance^  U.  8.  A. 

To  the  COMMANDINO  OFFICER, 

National  Armory. 


APPENDIX  V. 


REPORTS  ON  INDIAN  ARMS. 

Capt.  Joiix  E.  Grkkk.  Lieut^.  D.  A.  Lylk  and  Rogerb  Birxik,  jr.,  Ordnanco  Depart mcnt,  tiud  Master 

Machinist  S.  W.  Portkr,  National  Amiory. 

(Ten  plates.) 

National  Armory,  Springfield^  Mass.,  July  27,  1879. 

Of  the  large  uimiber  of  arms  received  at  this  armory  from  the  various 

Indian  agencies,  the  larger  portion  of  which  were  muzzle-loaders — some 

even  having  flint-locks — four  were  turned  over  to  the  board  as  b^ing 

either  the  most  powerful  or  the  most  rapid  firing  guns  in  the  collection. 

JThese  were  as  follows : 

'^Xo.  1. — Shaip's  breech-loading  target  rifle,  cal.  .44,  center  flre;  old 
model;  set  trigger.  Weight  of  gun  12  pounds  12  ounces;  tip-stock 
partly  gone;  original  weight  probably  13  pounds.  Barrel  heavy,  octag- 
onal; length  30  inches.  Chamber  bottle-shaped;  number  of  grooves,  6. 
Twist  of  rifling  uniform ;  rifling  freed  on 1 1 J^  inches  beyond  shell  chamber. 
Rear  sight,  "buckhorn;"  slide  on  leaf  so  loose  as  to  indicate  that  it  could 
not  have  been  used.  Front  sight  bright  but  rough ;  probably  made  from 
a  silver  quarter-dollar. 

No.  2. — Same  as  above,  except  that  the  bari^el  was  but  22.9  inches  long ; 
weight  9  pounds  6  ounces.  Rear  sight  in  good  condition;  front  sight 
so  loose  as  to  attect  accuracy  of  fire  unless  great  care  was  used. 

A  cast  in  sulphur  having  been  taken  of  the  chambers  of  these  guns, 
it  was  found  the  ammunition  required  was  that  known  as  *' Sharp's  long 
range.''  Weight  of  powder  77  grains;  weight  of  ball,  patched  or 
gi'ooved,  470  grains. 

No.  3. — Winchester  re])eating  (17  shot)  rifle,  cal.  .44;  rim  fire;  model 
1800.    Octagonal  barrel ;  length  24  inches.    Weight  of  rifle  9  pounds. 

Xo.  4. — Same  in  all  respects  as  No.  3.  Rear  sight  leaf  broken  oif. 
Ammunition :  weight  of  powder  20  grains;  weight  of  ball  202  grains. 

The  amnuinition  for  all  these  guns  wa^  purchased  at  the  Winchester 
Rei)eating  Arms  C()mi)any's  Annory,  New  Haven,  Connecticut. 

The  barrels  of  these  guns  having  been  thoroughly  cleaned  were  (exam- 
ined and  found  to  be  in  good  order. 

On  account  of  the  small  charge  carried  by  the  Winchester  repeater 
it  was  tested  in  comparison  with  the  Springfield  carbine  for  accuracy, 
rapidity  and  accuraey  combined,  power — as  shown  both  by  penetration 
in  white  pine  and  computed  energies — and  initial  velocitJ^  Similar 
comparisons  were  made  between  the  Sharp's  and  Springfield  rifles. 

The  results  are  given  in  the  following  tables : 

1.    Weighls^  <fc. 


Ann. 


Weiisht  of  arm. 


Length  of 
barreL 


Sprinsfleld  rifle '    9  pounds,    2  ounces. 

sharp's  rifle,  No.  1 !  12  pounds,  12  ounces. 

Sharp's  rifle,  No.  2 9  pounds,    6  ounces. 


Springfield  carbine 

wincnestcr  repeating  rifle 


7  pounds,  12  ounces. 
9  pounds 


Inches. 
82.6 
30 

22.0 
22 
24 


Weight  of 
powder- 
charge. 


\Vfi)Kht  of 
hftU. 


Cfraint. 
70 
77 
77 
55 
26 


Graint. 
405 
470 
470 
405 
202 
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Examination  of  the  foregoiiig  tables  shows  conclusively  that  the 
Springfield  rifle  is  more  accurate  than  the  Sharp's  rifles  at  all  ranges  at 
which  they  were  tested.  At  the  longer  ranges  the  short  barrel,  No.  i!. 
bears  no  comparison  to  the  Springfiehl.  One  thousand  yanlswjtsthe 
extreme  li  nit  at  which  the  Sharp's  with  long  barrel  could  be  fired  unless 
special  sights  were  prepared  for  it.  As  this  board  was  required  to  test 
these  arms  in  the  condition  received,  and  as  used  by  the  Indians,  t1ii> 
was,  of  course,  inadmissible.  It  may  be  said  briefly  that  the  loiigluiirel 
Sharp's  is  a  more  powerful  arm  than  the  Si)ringfield  rifle,  its  barrel  alont 
weighing  more  than  the  Springfield  complete.  It  is  not,  however,  a 
practicable  service  arm  on  account  of  its  great  weight,  13  i>ound8,  and  that 
of  its  ammunition.  While  this  one  gun  is  undoubtedly  capable  of  firiD;; 
at  longer  range  than  the  Springfield,  this  very  quality  has  been  ignon^l 
by  the  Indians,  as  may  be  seen  by  examining  its  sight  and  those  of  other 
arms  received  at  this  annory  from  the  Indian  agencies.  Both  the  Sbar|>V 
have  had  peep-sights,  and  the  longer  one  probably  a  telescopic  sijrht. 
judging  from  the  slots  in  the  barrel.  All  of  these  have  been  reiiiove<l. 
Evidently  the  Indians  did  not  desire  to  waste  their  ammunition  (whub 
they  probably  obtained  with  more  or  less  difliculty)  at  long  rauge^^. 

In  nearly  all  the  other  arms  referred  to,  the  sights  are  adapted  to  short 
range,  only  w  here  the  trajectory  is  very  flat.  In  this  respect,  owing  to 
its  lighter  bullet  and  higher  velocity,  the  Springfield  is  sui)erior  to  either 
of  the  Shari)'s. 

The  Springfield  carbine,  with  its  cartridge  containing  but  55  graiu> 
of  pow  der,  is,  of  course,  less  powerful  than  the  short- barrel  Sharp's,  but 
by  using  the  rifle  cartridge  it  may  be  brought  very  nearly  to  a  par  with 
it,  and  with  much  less  weight.  Compared  with  the  Winchester  repeatd 
it  will  be  seen  that  it  is  not  only  more  accurate  and  i)owerfiil,  but  tha: 
it  is  nearly  as  rai)id  a  firing  arm  when  the  time  is  extended  so  as  i- 
necessitate  the  use  of  other  cartridges  than  those  in  the  magazine. 

The  ability  to  rapidly  empty  the  magazine  is  desirable,  but  it  shouM 
be  combined  with  more  power  than  this  gun  i>osse.sses  to  make  it  esp 
cially  valuable. 


Report  of  a  hoard  composed  of  First  Lieut,  1).  A.  TajU^  Ordnance  Bepori 
mentj  and  Master  Machinist  S.  ^V.  Porter,  which  convened  at  the  XafioM' 
Armory  August  2,  1879,  upon  a  lot  of  small  arms  captured  frotn  theh^> 
tile  tSioux  and  Cheyenne  Indians.  Approved  by  Col.  J.  O.  Benton,  r<'/fl 
manding  the  Xational  Armory. 

The  commanding  oflicer  of  the  National  Armory  submitted  to  tht 
board  for  its  examination  a  lot  of  arms  captured  from  the  Sioux  aii'l 
Cheyenne  Indians,  that  had  been  shipped  to  this  place  from  Cheyenne. 
Wyoming  Territory,  by  order  of  Ca])t.  J.  W.  Eeilly,  Onlnance  Depart 
ment.  Chief  Ordnance  Officer  of  the  Military  Division  of  the  MissiHiri 

The  board  then  proceeded  to  examine  and  prepare  the  following  list^ 
of  the  said  arms : 
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Table  III. 
Wincheater  and  Henry  rifles  and  carbines  (using  rim-fire  met^ilUc  cartridges). 


No. 

Arm. 

1 
2 
3 

Henry 

do 

do 

4 

...do 

5 

Wincliester . 

6 

....do 

7 

do 

8 

do 

9 

...do 

10 

do 

11 

do 

12 

....do 

13 

do 

14 

....do 

15 

....do 

16 

...do 

Caliber.  Shape^of  bar- 


Breech  ayHtem 
in  working 
onierornot. 


Condition  of 
stock. 


.42 
.42 
.42 
.42 
.44 
.44 

.44 
.44 

.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 


Octagonal . 

. ...  do 

do 

do 

do 

do 


Yes.. 
No... 
— do 
...do 
...do 
...do 


— do Yes.. 

Bound do 


— do 

...  do 

. . .  .do 

— do 

dQ 

— do 

—  do 

. .  .do 


.do 

do 

do 

.do 

.do 

do 

.do 

.do 


"Worn, 
— do  , 

...do 
— do  . 

...do. 

...do 


...do.. 
...do  .. 
...do.. 
...do  .. 
...do.. 
...do  .. 
Broken 
...do  .. 
New . . . 
...do  .. 


Remarks. 


No.  2194. 

No.  8972. 

No.  8862,  tang  broken. 

Rifle,  model  1866. 

Rifle,  model  1866 ;  mainBpiiqg 

broken. 
Rifle,  model  1866. 

Carbine. 

Do. 

Do. 

Do. 
Carbine;  butt-stock  broken. 

Do. 
Carbine. 

Do. 


Table  IV. 
Spencer  carbines^  model  1865  (using  rim-fire  metallic  cartridges). 


Xn   rniihAr    Brcccli  System  in  work- 
JN  o.  l^aiiDer.  ^^  ^^^^^  ^^  ^^^ 

1 


Condition  of  stock. 


// 


1 

.52 

o 

.52 

3 

1        .52 

4 

.52 

5 

.52 

6 

.52 

7 

.52 

8 

.        .52 

9 

.52 

10 

.52 

11 

.52 

12 

.52 

13 

.52 

14 

.52 

15 

.52 

16 

.52 

17 

.52 

18 

.54 

19 

.54 

20 

.54 

21 

.54 

22 

.50 

23 

.50 

Yes TVom 

— do do 

do do 

— do do 

do Butt-stock  and  tip-stock  cracked. 

do do 

— do do 

do Worn 


...do 
— do 
— do 
— do 

Yes.. 

No... 
— do 
....do 

..  do 
— do 
....do 
— do 
— do 
— do 
— do 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
.do 
.do 
.do 

.4l0 


Remarks. 


Sido-plate  gone. 


Ck^tagonal  barrel. 

Rifle,  buckhom  rear  al^t* 
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Table  V. 


Sharp's  carbines  {using  metallic  ammunitian). 


No. 

Caliber. 

II 

1 

.62 

2 

.52 

3 

,    .62 

4 

.52 

6 

.52 

6 

.52 

7 

.52 

8 

.50 

9 

.52 

10 

.52 

U 

.54 

12 

.54 

13 

.54 

Breech  system 
i  n  working 
order  or  not. 


Yes... 

No.... 

. . .  .do 

Yes... 
....do  . 
...do  . 
....do  . 


Yes 
No.. 
Yes. 
No.. 


Condition  of  stock. 


Remarks. 


Bntt-stock  broken 

Worn I  Tang  broken ;  new  sight  pnt  on. 

Broken  tip-stock 

Worn I 

do    I  Side-screw  gone. 

....do I  Side-plate  and  screw  gone ;  front  sight  put  ia. 

do j  Leaf  orokcn. 

I  Butt-plate,  leaf,  and  band  gone ;  new  finmtiifht. 

Worn •- I  Rifle;  butt-plate  gone. 

No  stock Rifle ;  lock  gone ;  copper  front  sight. 

Worn 1  U8e8_paper  cartridges^  No.  17,436. 

, do '  t>o. 

, {  Carbine;  band  gone;  naes  paper  cartridges. 


Table  VI. 


Miscellnneous  carhine»  and  rifles. 


No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 

15 
16 
17 
18 
19 
20 

21 


Kind   of 
arm. 


Cali- 
ber. 


Warner . . . 

....do 

....do 

Joslyn  — 

. . .  .do 

do 

Starr  

do 

do 

F.Wesson 

do 

do 

do 

Remington 


II 

.50 
.50 
.50 
.54 
.54 
.54 
.54 
.54 
.54 
-.42 


. . .  .do  . . . 
Oallager 
Merrm. 
Smith.. 
Ballaxd. 
do  ... 


.do 


.as 
H 

•a 

®  k  S 

fci  [^  S 


iNo... 
..do  .. 
i..do  .. 
..do  . . 
I  Fair  . 
No... 

'..do  .. 
..do  .. 

I  Yes . . 


.42  L.do. 
.42  ..do  . 
.35  |..do  . 
.  50    Fair 


.50  No. 
.  52  1  Yes 
.52  I  No. 
.  50  :  Yes 
.50  No . 
.42    ..do 

.  42    Yes 


Condition  of        p^^s  missing.  § 


stock. 


o 
B 


Worn Butt-plate ' , 

Broken  at  small.' j 

Side  broken 

Fair Butt-plate Metallic. 

do do 

....do I ...do  ... 

Worn Paper... 

No  butt-stock I.. .do  — 

do... 

Fair I  Metallic. 

Broken Butt-stock '...do  — 

do I do |...do  — 

do I  Butt-plate    and   ...do... 

I     tip-stock.  I 

Stock,  rear  sight  ...do  — 

Fair , I  Paper . . . 

Worn |...ao  .... 

do , ,...do  .... 

do Metallic. 

Broken do 

Badlj'wom do  — 


Remarks. 


Na  11601,  new  barrel. 


Na  7037,  octagonal  ta^ 

rcl. 
No.  3*752. 

No.  2186.  aide  plate  eone. 
No.  4079,  guard  broken. 


Barrel  barst ;  rifle. 


Rifle ;  mainapringbroke. 
No.  14424;    malnsprisf 

and  tip-stock  broken. 
Rifle  cut  down. 
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Table  Vin. 
Revolvers  (using  percussion  caps). 


if 


1 

2 
3 
4 
5 
6 

I 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 

21 
♦>o 

23 
24 
2.'. 
26 
27 

28 
29 
30 
31 
.T2 
33 

:u 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

53 

54 

53 
56 
57 
58 
50 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


Kind  of  arm. 


'  Colt's  dragoon  ...     .44 

Colt's  navy 36 

...do 38 

Colt's  dragoon ...     .44 

do .44 

....do 44 

...  do '    .44 

do ■    .44 

.-..do :    .44 

do '    .44 

do '     .44 

1 do 44 

. do 44 

' do I     .44 

,....do 1    .44 

...do 44 

I do 44 

do 44 

do 44 

Colt's  navy 36 

Colt's  dragoon  ...     .44 

do 44 

do 44 

do 44 

...do 44 

do ^..      .44 

do 44 

Colt's  navy 36 

...  do 36 

Colt's  dragoon  ...      .42 

...do 44 

...do .44 

...do 44 

...do 44 

...do .44 

...  do 44 

...  do 44 

...do 44 

do .44 

do 44 

Colt's  navy 36 

Colt's  dragoon ...     .44 

...do 44 

...do 42 

do 44 

...do 44 

Remington 44 

....do 44 

do 44 

do 36 

....do 44 

do 44 

....do 44 

do 36 

' do 44 

...  do 44 

do 36 

...do 44 

....do 44 

....do 44 

do 44 

do I    .44 

....do '    .44 

....do 44 

do 44 

do 44 

....do 44 

.-..do 44 

....do 44 


Mftcbanism 

in  work- 
ing onler  or 
not. 


Condition  of 
stock. 


Fair Worn. 

No do 

Fair do 

Hard do 

Fair do 

Hartl    do 

No do 

...do Bad... 

Fair Worn 


.. . .do 
— do 
...do 
do 

Yes  . 
do 

No... 

Fair  . 

No  .. 


.do 

.do 

.do 

do 

.do 

do 

do 

.do 

.do 


Fair do  ... 

No do  ... 

do do  ... 

do do  ... 

Fair do  ... 

do do  ... 

No Cracked 

do ,  Worn  . . 

do do  ... 


Fair 

. . .  do 

No 

. . .  do 

Fair 

No 

-.  do 

Fair 

do 

No 

.  do 

Fair 

do 

. . .  do , 

do 

do 

No 

Fair 

do 

do 

do Broken 

Hani do 

Fair do 

No do 

With    diffl-    ....do 

enlty. 

Fair Broken  and 

worn. 
No Worn  .:.... 


do 

do 

.do 

do 

.do 

do 

do 

.do 

do 

do 

.do 

do 

do 

do 

.do 

do 

do 

do 

do 

do 


Parts  miss- 
ing. 


Remarks. 


Ramrod. 


Parts  broken. 


Part«  broken. 

Stock  and  guard  loose. 


Screws 

Ramrod 

Ramrod  and 

screws. 
...do 


Ramrod. 


Base-pin . . . 
Ramrod  and 
lever. 


Frame-screw 
Lever-catch . 


Key-pin 


Screws 


...do 

Fair  . 

No... 
do 

Fair  . 

No  .. 

Fair  . 
. . .  .do 

No... 
— do 

Fair. 

do 

— do 
do 

No. . . 

Fair  . 


.do 

.do 

.do 

.do 

.do 

.do 

do 

.do 

.do 

do 

do 

.do 

do 

do 

.do 

do 


Lever-catch. 


Works  loosely. 
Useless. 
Cylinder  loose. 


Ivory  handle. 


Badly  damaged. 


Works  loosely. 


Frame  broken. 
Rusted  badly. 
Rusty. 
Loo.<<e. 


Dowel  broken. 
Tied  together. 

Spring  broken. 


Lever-stud.. 
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Table  VIII — Continued. 
Revolvers  (uMng percussion  caps) — Continued. 


t4 

a 


71 

72  I 

73 ; 

74  I 

76  I 

77  I 

78  ' 

79  ! 

80  I 

81  I 

82  , 
83 

84  I 

85  ' 

86  i 

87  ' 

88  I 
89 
00  ' 
91  I 
92 
93  I 
94, 
95 
06  I 
97 
98  I 
99, 

100 

101  . 

102  , 

103 

104   ; 

105 
106 

107  ! 

108  , 
109 
110  1 


Kind  of  ami. 


u 

a 

OS 


111  '. 

112  ,, 

113  . 

114  , 
115 

116  |, 

117  . 

118  , 
110 
120 
121 
122 
123 
124 

I 


Kemington 40 

...do 44 

...do 44 

do 44 

...do 44 

do 44 

do* 44 

do 44 

do '    .  44 

....do .44 

do .44 

...do 44 

Colt 37 

do 37 

do 37 

....do -37 

Colt's  army .45 

Colt 37 

....do 37 

do I    .37 

....do 37 

...  do '    .37 

....do .37 

....do 37 

....do 36 

do 37 

....do 37 

do 37 

do 37 

....do 37 

...do    37 

....do 37 

do 37 

do 44 

do 37 

do 37 

....do .37 

....do 44 

do ,    .44 

StaiT  Anns  Com-       .44 
pauy,  N.  T. 

do 44 

do 44 

do 44 

PettingUl .44 

Whitney 37 

....do..* 37 

....do I    .37 

do 37 

do 37 

Manhattan ,    .36 

Savajie '    .36 

Roniington I    .44 

Unknown 44 

Komington pistol .     .  50 


i25  I 


Horse -jnstol,  Uni- 
ted States. 
126  I. ...do 


Mechanism  i 

in  work-       Condition  of 
iug  order  or  stock.        i 

not.         I 


Farts  miss- 
ing. 


Remarks. 


No Broken ' 

do Worn Catch. 


Fair. 
No... 
— do 

do 

— do 
Fair  . 

do 

No... 
....do 

do 

Fair  . 
...do 
No... 
Fair  . 


I 


do  .... 

.do '  Catch. 

.do.... 
.do... 
.do.... 
do.... 
.do  .... 
.do.... 
do.... 
.do  .... 
.do.... 
.do..-, 
.do  .... 
.do  .... 


No , Stock 

...do Worn 

Fair i  — do 

do do I 

, . .  .do do 

Hard do '  Lever-catch 

Fair i ...  .do , 

do do 

. . .  do Stock 

No I  Worn Lever-catch 

Fair do 

...do ' do 

No  I do 

do do 

do do I  Lever-catch 

Fair do 


Broken. 

Can  be  turned  by  hand. 

Maiuspring  broken. 
Metallic  cartridges. 


Burned. 


Base-pin  loose. 


No I do I 

do Stock     and 

'  frame. 

Fair i  Worn Frame-screw 


Mainspring;  broken. 
Nickel-plated;    barrel  bnrat 
at  muzzle. 


Hard do 

Fair '....do 

— do I do 

..do do 

..  do ' — do 


Lever-catch . 


do do Lever-catch. 

No I  Broken 

Fair I  Worn . 

...do 

No I. 

— do 1. 

Fair '. 

— do I. 

No ,, 

Fair ' 

No I 

— do 

...do I 

Yes 


Nickel  plated. 
Do. 


.do '  Good 


do Double-action  "self-cocker. 

.do Lever-catch . , 

.do 

.do 

.do ,  Lever-catch . 

do 

.do I 

do 

.do Cylinder 

.do 

.do 


.do 


do 


Badly  damaged. 

Single-loader;  metallic  car- 
tridge; Remington  rifle 
systA^m. 

Haston  &  Co.,  Kiddletown, 
Conn. 

J.  N.  OTohnaon,  Middletown. 
Conn. 
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CLASSIFICATION. 

The  above  arms  may  be  placed  in  two  general  classes,  viz  : 

I.  Breech-loading  arms. 
II.  Muzzle-loading  arms. 

SUB-CLASSIFICATION. 


' Single  loaders..  < 


i 

.s 

'S  J 

t 

.a 


Usine  metallic-case  car- 
triages. 


UsiDe    paper-case   car- 
tridges. 


Using  metallic-case  cai-- 
triages. 


Magazine  arms.  * 


(  Springfield  carbine,  model  1873 caL 

Springfield  carbine,  model  1866  (rifles  cut  down)  -cal. 
Springfield  carbine,  model  1868  (rifles  cut  down)  c-aL 
Springfield  carbine,  model  1870  (rifles  cut  down)  caL 

Sprinjffield  Allin  (lifles  cut  down) V .  **^ 

Snai-p's  carbine caL".5o- 

Joslyn  carbine -- <*^ 

F.  Wesson caL^ar-- 

Wamer <•»}• 

Keraington  -- f*l 

Ballard. caL'US- 

.  Remington  pistol cal 

■  Sharp's  carbine cal. 

Starr  carbine cal 

Smith  carbine caL 

Gallager  carbine cal 

(  Merrill  carbine caL 

rHenrv caL- 

1  Winchester caL 

Spencer caL  ".50-''.52- 

Colt's  Armv  rtivolver cal 


4:^ 

.J* 

'A 


1 


Using  paper 
case 
tridges 


aper- ) 
car- >  Rev 
)     er 


olv 
ers. 


r  Colt's  dragoon cal-  "-«- 

Colt's  navy caL '.36- 

Reraington -- cal 

Starr  Anus  Company caL 

Whitney caL 

Manhattan caL 

Savage. «-«J- 

a*ettiugill cal 


44 

.44 

M 
44 


.44 


bo 

.9 

«s 


With  flint  locks. 


C  Rifles 

J  Smooth-bore 


r  Rifles 


.  .H.  E.  Lenian,  Lancaster,  Pa caI.  . » 

C  W.  Chane  &  Son,  London cal  > 

i  Parker,  Field  &  Co cal.  > 

( H.  E.  Leman,  Lancast^-r,  Pa.  .caL  ''.38-".44-".4S-'  .46-  *-^ 

".5a-".51-".52-".54-'  ..>6-  "•' 

J.  P.  Lower,  Phila^lelpliia,  Pa caL  '.yi-  '■ 

S.  ITawken,  Saint  Louis.  Mo caL  ".46-".52-'  ..M-  > 

J.  Henry  &  Son cal  ".50-".5:i-"..>4-  * 

Ili'urv  FoIhoui  &Co cal. " ..VJ-  ■'•' 

J.  &.  \y.  Watson lal 

Sweitzer cal 

J.  Goloher caL  '  .oi- 

Spriugfiv'ld   c»L". 


With  percussion  locks ...< 


.41 
4' 
.A 


Pemi  Rifle  Works  cdL 

S;iva.ire  Rifie  Fire  Arms  Co.,  Middleto^^ii.  Coon. cal 

McCiiren,  Williams  &  Co.,  Saint 'Louis,  Mo tal. 

J.  Schmelzer,  Leavenworth,  Kaus  ral. 

G.  1).  &  Co.,  Cincinnati,  Ohio oal 

G.  Spaiigler t  :iL    '• 

Lonuun  Arms  Company (ol    '»• 

Enfield caL    > 

Tower,  1861 cil    '•« 

R.  Beauvais,  Saint  Louis,  Mo cal.    *. 

Unknown caL  ".50-".5i-  > 

Smooth-bore. {1^^;::::::::;:::::::::::::::::::;:::::::^- 


TABULAR  STATEMENT. 
Breech-loaders, 

Springfield  carbines,  caliber  ".45,  model  1873 19 

:Springfield  carbines,  caliber  ".50-".58,  model  1860-'68'-70,  and  Allin > 

Henry  and  Winehester --- .--- I'j 

Spencer -- *-^' 

StiJirp's l'" 

Miscellaneous ***^' 

Total 1^4 
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Mh  zz  U-  loaders. 

11.  E,  Lemau,  Lancaster,  Pa ". 94 

J.  P.  Lower,  Philadelphia,  Pa 10 

S.  Hawkeu,  Saint  Louis 6 

J.  Henry  &  Son 6 

Henry  t^olsom  &  Co.,  Saint  Louis •. 4 

J.  Golcher 3 

»Springfield  (various  models,  &c) 14 

Tower,  English 4 

Unknown 6 

Miscellaneous '. 13 

Total IGO 

RevoJrers. 

Colt's 69 

Remington 41 

Starr  Arms  Company 4 

Whitney 5 

Miscellaneous 4 

Total 123 

PhtoU. 

.Remington i 1 

Horse-pistols 2 

Total 3 

Becainiulaiian, 

Breech-loa<lers 124 

Muzzle-loaders 160 

Revolver 123 

Pistols 3 

»  - 

Total 410 


LOADED  ARMS. 


During  the  examination  it  was  found  that  3(5  of  the  nijuzzle-loadiug 
rifles  were  loaded.  These  arins  had  tlie  charges  of  powder  and  lead 
carefully  withdrawn  and  weighed  separately.  Tlie  resulting  weights 
are  given  below: 


1. — ^TWKNTY-TWO   LeMAN   GUXS. 


Chai'<£i'8  of  jMiwder. 


Cliiir;;*'!}  of  load. 


Ntmihor    of  |  Weiglit    of   f»a<*li      Total  weij^bt.      Number    of      Wci^bt  of  ea<*li      Total  weight, 
cbargcH.      i     cbar>;e,  ^rainH.  grainy.  chai;;r8.      >     charge,  graiim.  graiun. 


2 

30 

00 

1 

a:. 

35 

.'< 

40 

120 

4 

:,() 

200 

6 

60 

360 

2 

70 

140 

2 

KO 

1(>0 

1 

JK) 

00 

1 

110 

110 

1 

1 

140 

140 

4 

160 

1      &10 

1 

1G5 

1      165 

1 

IftO 

190 

3 

200 

1      600 

I 

210 

210 

8 

230 

1,840 

1 

23.-) 

1      23.J 

1 

2:h) 

2o0 

1 

260 

1      260 

')•» 


1,275 


oo 


4,530 


Avi*nim»  weight  of  ehargr  of  powder  -  57.9 grain*.  Avemge  Wright  «»f  ehnrge  of  lead  -  -205.9 grains. 
Weiglitofiuaxirauiii  charge  of  powdrr=l  10  grains.  Weight  of  maximum  charge  of  h'ad  =260  grains. 
Weiglit  of  minimum  charge  of  H(»wder=  30    grains.    Weight  of  minimum  eliarge  of  lead --140     grains. 


320 


REPORT   OF   THE    CHIEF   OF   ORDNANCE. 


2. — Eleven  miscellaneous  guns. 


CbargCH  of  powder. 


Charges  of  lead. 


1 

Number   of 

Weight  of  each 

Total    weighf, 

Number   of 

Weight  of  each 

1 
Total  wriebt 

cliargcs.      1 

charge,  grains. 

grams. 
30 

charges. 

charge,  grains. 

1           1 

30 

1 

160 

lOO 

1           ' 

40 

40 

1 

180 

180 

2            1 

50 

100 

2 

200 

40Q. 

3 

60 

180 

1 

220 

220 

1            1 

70 

70 

4 

230 

920 

2 

80 

160 

1 

240 

240 

1 

1 

90 

90 
670 

1 

330 

330 

1 
11 

1 

U 

2.450 

Average  weight  of  charge  of  powder  =60.0  grains. ;  Average  weight  of  charge  of  load  «s222.7  gxaios 
Weight  of  maximum  charge  of  powder=90  grains.  Weight  of  maximum  charge  of  lfiad=330  grsias 
Weight  of  minimum  charge  of  powder=30    grains,  i  Weigtit  of  minimum  charge  of  lead=160    grains 

AMMUNITION. 

(For  hreech-loadei*8. ) 


Kind. 


Caliber, 


I  Weight  of  charge. 

I 

I 

Powder,  !  Lead, 
I   grains,     grains. 


For  what  ami  adapted. 


I  " 

fl  '^ 

Bunfire L  ;JJ 

[  .  44 

Rimfire I  !  50 

Center  fire 52 

Paper  case,  center  fire '  .  .■>4 

Rim  fire    '  .54 

Do  I  .40 

Center  fire 44 

Unit4'd  States  center  fiix>  !  .50 

Do ,  .45 

United  States  center  fire  carbine.  I  .  45 

Winchester  center  fire '  .45 


28 
26 
23 

28.  3 

48.6 

70 

37 

45 

28 

30 

70 

70 

5.5 

40 


202 

2(»2 
202 
200 
351 
450 
456 
360 
220 
220 
450 
405 
4U5 
200 


1 


Henry  and  Winchester,  model  1866. 


Spencer  carbine,  model  1865. 
Shjup'j*  carbine. 

Do. 
Joslvn  carbine. 
F.  W«'ss»»n. 
Rallard. 

Sprinsfield,  caliber  ".50. 
S]»rin^field,  caliber  ".45. 
Si^rinsffieM  carbine,  calil>or  ".45. 
Wincljcster  repeatinjr  rifie,  model  18T.; 


SIGHTS. 


The  front  and  rear  sights  of  this  lot  of  arms  are  various,  and  the  dif 
ferent  types  have  been  figured  in  the  accompanying  plat^es. 
The  drawings  are  self-exi)hinatory. 


REMARKS. 


These  captured  arms  would  be  classed  as  *^  unserviceable  ^  at  an  arse 
nal,  though  many  of  them  could  be  used  by  so  enterprising  an  enemy  as 
the  American  Indian. 

It  will  be  seen  by  a  glance  at  the  foregoing  tables  that  none  of  tlu* 
breech-loaders,  except  the  Springfield  and  Sharp's,  are  of  the  later  ceu- 
ter-fire  models. 

The  charges  are  uniformly  less  than  the  government  ritie  cartridge. 
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Ordnance  Depot,  Tonoue  River,  M.  T., 

November  13,  1878. 

Chief  Ordnance  Officer, 

Headquarters  Department  of  Dalvta^  Sahit  Patdj  Minn.: 

Sir:  I  have  the  honor  to  recommend,  in  order  to  complete  and  render 
more  effective  the  investigation  begun  by  the  Onlnane^  Department 
into  the  rehitive  merits  of  the  service  carbine  and  hostile  Indian  arms, 
that  measures  be  taken  to  obtain  an  accurate  knowledge  of  the  number, 
manufactiu'e,  model,  and  caliber  of  lire-arms  in  the  hands  of  all  t\w.  sav- 
age tribes  of  Indians,  friendly  as  well  as  hostile,  such  as  the  Sioux, 
Cheyennes,  Crows,  Bannocks,  Ai)aches,  Utes,  Navajos,  Comanches,  (&c. 
This  information,  together  with  the  reports  regardiifg  siUTendered  arms, 
would  put  the  department  in  possession  of  all  necessary  data  concerning 
the  weapons  of  all  tribes  liable  to  take  the  war-path,  and  be  of  the  high- 
est value  in  many  ways. 

I  have  no  doubt  that  this  information  could  be  readily  obtained  by 
department  commanders.  To  this  end  it  would  only  be  necessary  that 
competent  officers  be  selected  and  ordered  in  an  unostentatioiuj  way  to 
inspect  the  various  camps,  with  careful  instructions  to  avoid  alarming 
and  causing  concealment  of  the  best  ai*ras. 

Complete  statistics  as  thus  obtained  would  attonl  the  only  really  satis- 
factoi-y  settlement  of  the  moot  cpiestion  of  the  comparative  merits  of  the 
service  and  Indian  arms,  for  the  reason  that  nearly  every  discussion 
regarding  suri'endered  Indian  arms  proceeds  on  the  assumption  that  the 
best  have  been  c>iitched.  That  this  question  should  be  settled  is  most 
desirable,  in  order  that  the  troops  have  the  a<lvant4ige  of  a  knowledge 
of  superiority  in  arms,  if  such  be  the  case,  or  better  arms  if  the  converse, 
or,  in  any  event,  that  the  facts  be  faced,  alwjiys  less  to  be  dreaded  than 
the  exaggerations  of  conjecture. 

I  conceive  that  many  ideas  of  the  superiority  of  Indian  arms  are  ac- 
qiured  in  action,  uncorrected  by  accurate  facts,  a  time  when  to  the  best  of 
men  an  arm  that  has  whizzed  a  bullet  close  to  the  ear  seems  an  excellent 
weapon ;  and  I  feel  convinced,  from  a  considerable  knowledge  of  arms 
carried  by  friendly  Indians  and  surrendered  by  the  hostiles,  that  such 
investigation  would  prove  conclusively  that  any  tribe  fully  armed  with 
e^'en  the  old  caliber  .50  Springfield  ciirbine  would  be  more  formidable 
than  with  their  present  arms.  That  the  Sioux  and  Cheyennes  have  had 
some  line  breech-loaders,  giving  cx)lor  to  the  opinion  that  they  are  bet- 
ter armed  than  the  cavalry,  is  undoubtedly  true.  The  principal  of  these, 
the  Sharp's  ritle,  with  its  120-grain  cartridge,  has  tremendous  range  ana 
penetration,  and  drifted  into  the  hands  of  those  Indians  in  considerable 
number,  eitlier  directly  or  indirectly,  through  the  buffalo  hunters  (with 
whom  it  was  a  favorite)  when  their  employment  was  broken  up  by  the 
diminution  of  the  buffalo  and  by  law.  But  these  and  like  arms  are  com- 
paratively few,  while  a  very  considerable  number  of  muzzle-loaders 
greatly  reduce  the  average  of  Indian  armament  below  that  of  the  troops. 

In  the  knowledge  of  the  kind  of  arms  acquired  by  Indians  a  good  clue 
may  be  found  to  the  source  whence  their  supply  of  arms  and  ammuni- 
tion is  derived,  and  aid  in  detecting  and  preventing  the  illicit  traffic 
known  to  be  ciirried  on  by  taking  special  precautions  against  such. 

I  further  recommend  that  the  collection  of  statistics  on  Indian  arms 
be  continued,  in  order  that  the  department  may  keep  thoroughly  posted 

21  OBD 
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and  tliat  the  inspectious  and  reports  of  Indian  arms  above  I'oconimended 
be  made  annually. 

Very  respectfully,  your  obedient  servant, 

J.  W.  POPE, 
Second  Lieutenant  Fifth  Infantt*y^  A.  0.  0. 


Headquarters  Department  of  Dakota, 

Office  Chief  Ordnance  Officer, 

Saint  Paulj  Minn.^  February  9,  1879. 

To  the  Chief  of  Ordnance, 

Through  Chief  Ord fiance  Offieer^  Military  Division  of  Missouri: 

Sir  :  I  liave  the  honor  to  inform  you  that  I  omitted  to  state,  iu  iny  re- 
port on  Indian  arms  of  January  22,  the  following  pertinent  circum- 
stance of  which  I  have  personal  knowledge.  In  July  or  August,  1876, 
a  Sioux  warrior  was  killed  near  Powder  River  after  a  very  determined 
resistance. 

The  arm  was  found  to  be  a  Seventh  Cavalry  carbine,  caliber  .4o  (taken 
in  the  Little  Big  Horn  fight,  as  I  was  informed  by  the  officers  of  the  regi- 
ment), and  which,  judging  from  its  elaborate  Indian  ornamentation,  had 
evidently  been  considered  *'  very  good  medicine."  In  other  words,  the 
buck  had  evidently  been  very  glad  indeed  to  get  it. 
Very  respectfully,  your  obedient  servant, 

O.  E.  MICHAELIS, 
Captain  of  Ordnance,  Chief  Ordnance  Officer, 


Headquarters  Department  of  Dakota, 

Office  Chief  Ordnance  Officer, 

Saint  Pauly  Minn,,  January  22,  1879. 

To  the  Adjutant-General, 

Department  of  Dakota : 

Sir  :  I  have  the  honor  to  submit,  for  the  consideration  of  the  depart- 
ment commander,  the  following  report,  in  connection  with  eight  gims 
received  from  the  District  of  the  Yellowstone,  under  the  following  in- 
structions : 

Ordnanck  Office,  Wak  Department, 

IVaMngionf  October  10,  1875'. 
The  CmEF  Ordnance  Officer, 

Military  Division  of  ths  Missourif  Chicago^  III. : 

Sir:  At  various  timea  during  the  last  few  years,  complaints  have  been  niaile  that 
the  s€r>'ice  carbine  was  inferior  in  range  and  accuracy  to  the  arms  commonly  us^  by 
the  hostile  Indians,  and  within  the  last  few  days  the  fact  has  been  stat^^d  that  snth 
an  opinion  was  prevalent  in  the  cavalry  troops  now  operating  in  the  Departmeuts  of 
the  Missouri  and  Piatt*?.  The  Chief  of  Ordnance  wishes  to  examine  thoroughly  i  nto 
this  subject,  and  to  that  end  requests  you  to  procure  a  sample  of  the  best  arms  tli  e  In- 
dians are  known  to  use,  if  possible  one  that  haa  been  used  by  them,  and  a  small  quan- 
tity of  their  ammunition. 

if  you  Hucceed  in  getting  an  arm  that  you  are  satisfied  can  be  considered  a  fair  sam- 
ple of  the  best  in  ust^,  of  course  excluding  any  of  the  Unit<5d  States  service  arms  that 
may  be  in  their  possesnion,  taken  from  our  troops  or  otherwise  procured,  he  desires 
you  to  send  it  to  this  office  for  examination  and  comparison. 
Respectfully,  your  obedient  servant, 

S.  C.  LYFORD. 

Major  of  Ordnaw^f. 
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I  First  indoraemeut.l 

Headquautkrs  Miutary  Division  of  the  Missouri, 

Office  Chief  Ordnance  Officer. 

Chicago,  October  12,  iS7fi. 

Respectfully  referred  to  the  assistant  adjutant-general  of  tlio  division,  with  the  re- 
quest that  the  commanding  generals  of  the  Departments  of  Dakota,  the  Platte,  and 
the  Missouri  be  instructed  to  obtain,  if  possible,  and  forward  to  these  headquarters,  a 
sample  of  the  best  arms  (exclnding  the  United  States  service  arms)  the  Indians  are 
Itnown  to  use,  or  one  that  has  been  used  by  them,  and  a  small  quantity  of  their  am- 
munition. 

J.  W.  REILLY, 
Captuin  of  Ordnance,  Chief  Ordnance  Officer, 

Copy  to  Colonel  Miles,  October  17,  1878  (from  headquartent  De]>artment  of  Dakota), 
^ho  will  send  to  the  chief  ordnance  officer  at  these  headquarters  all  arms  captured 
from  the  Bannocks,  and  samples  of  the  ammunition  that  may  be  in  his  possession, 
"which  have  been  captured  from  Indians,  which  in  his  opinion  are  deemed  fair  samples 
of  the  best  in  use  by  the  Indians. 

Referred  to  chief  ordnance  officer,  Department  of  Dakota,  December  16,  1878. 

CLASSIFICATION  OF  THESE  ARMS. 

1.  A  inu2zl6-loa<1ing  sqnirrel-rifle,  octagonal  barrel,  made  in  Colum 
bus,  Ohio,  by  Seibert ;  caliber  .44. 

2.  A  Sharp's  rifle,  percussion- lock,  short  barrel,  antebellum  model. 

3.  A  Sharp's  carbine,  altered  lock ;  caliber  .50. 

4.  A  Joslyn  carbine,  caliber  .50. 

5.  A  Spencer  carbine,  model  of  1861. 

6.  A  Sharp's  rifle,  government  model ;  caliber  50. 

7.  A  Sharp's  rifle,  short  octagonal  barrel ;  caliber  .44. 

8.  A  Sharp's  rifle,  long  octagonal  barrel ;  caliber  .44. 

No8.  6,  7,  and  8  are  the  only  pieces  deserving  of  further  mention. 

The  Sharp's  rifle,  caliber  .50,  was  fairly  tried  in  the  field  in  comparison 
with  the  Springfield  musket,  caliber  .50,  and  could  not  hold  its  own. 

Nos.  7  and  8  are  Sharp's  rifles  of  a  well-known  type,  with  set  triggers, 
originally  furnished  with  peep-sights,  and,  judging  from  the  numbers, 
were  manufactured  about  the  same  time. 

I  am  of  the  opinion  that  the  barrel  of  No.  7,  which  is  lighter  than  that 
of  No.  8,  has  been  shortened. 

The  flne  sights  of  these  guns,  ui)on  which  tlieir  shooting  at  long  range 
is  supposed  to  depend,  have  been  removed ;  very  coarse  front  sights, 
and  old  model  carbine  rear  sights,  altered  to  buckhorn,  have  been  sub- 
stituted in  an  unworkmanlike  manner. 

These  arms  are  forwarded  by  General  Miles,  as  a  representative  of 
the  armament  of  Indians,  and  I  presume  must  be  accepted  as  such, 
-with  two  limitations — the  absence  of  Springfield  arms,  excluded  under 
the  order,  and  of  Henry  (Winchester)  rifles,  both  of  which  are  used 
whenever  they  can  be  obtained. 

In  connection  with  his  Nez  Perces  engagement,  speaking  of  it  and  his 
adversaries.  General  Miles  says :  "  They  have  all  the  enterprise  and  cun- 
Diiig  of  wild  Indians,  and  many  of  the  art«  of  civilized  warfare.  They 
are  the  best  marksmen  1  have  ever  met,  and  understand  the  use  of  im- 
proved sight^s  and  the  measurement  of  distances ;  they  were  principally 
armed  with  Sliari)'s,  Si)ringfield,  and  Henry  rifles,  and  used  explosive 
bullets." 

The  sample  Nez  Perces  Sharp's  rifle  sent  (No.  2)  has  a  set  trigger,  per- 
cussion lock,  and  peep-sight  without  scale.  It  certainly  cannot  be  claimed 
that  this  gun  is  comparable  with  the  present  government  arm,  and  it  is 
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an  accepted  fa<jt  that  our  standard  caliber  outranges  the.rei>eating  jruu. 
It  follows,  therefore,  from  General  Miles'  repoi-t,  that  the  best  gun  of 
the  best  Indian  marksman  he  ever  met,  so  far  as  range  is  concerned,  was 
the  Springfield  rifle. 

During  my  tour  of  service  in  this  department  I  have  never  met  an 
officer,  either  in  the  field  or  at  posts,  and  of  course  as  an  ordnance  officer 
I  took  especial  pains  to  inform  myself,  who  claimed  that  the  Indiani^  as 
a  class,  had  longer-ranging  guns  than  our  own  troops. 

As  (xeneral  Miles  states  of  the  Nez  Perces,  the  use  of  iine  sights  and 
the  measurement  of  distances  is  the  result  of  civilization.  The  tji>ical 
-Indian  is  a  point-blank  marksman.  The  use  of  bright  muzzle  and 
buckhom  sights  proves  this.  He  steals  upon  his  quarry  and  fires  at  it. 
Hence  they  prefer  arms  with  long  dangerous  spaces,  an  attribute  that 
overcomes  the  difficulty  attending  fine  sighting  and  the  accurate  estima- 
tion of  distances. 

The  scouts  at  Fort  Keogh  were  armed  with  Sharp's  guns,  caliber  .50, 
but  for  this  very  reason,  as  I  believe,  without  knowing  it,  they  asked 
for  the  Springfield,  caliber  .45.  • 

It  seems  to  me  that  there  is  a  periodicity  in  the  claims  and  rumors  con- 
cerning the  arms  of  Indians. 

In  1876,  after  the  battle  of  the  Little  Bighorn,  the  newspapers  were 
filled  W'ith  descrii)tions  of  the  "  i)umping"  guns  of  the  Indians,  and  r(H|iii- 
sitions  were  ma<le  for  re])eating  rifles — arms  that  certainly  could  not 
compete  with  our  caliber  .45  Springfield  rifle  or  carbine. 

An  officer  of  the  Seventh  Cavalry  ha«  informed  me  that  he  saw  Indi- 
ans on  the  banks  of  the  Little  Bighorn  "  j)wmp"  shots  into  our  txl)0p^v 
stniggliug  up  the  oi)posite  bank,  at  a  range  of  fifty  yards. 

Concerning  the  two  close  fights  that  have  taken  place  in  this  depart- 
ment since — the  Big  Hole  and  Snake  Eiver — I  have  never  heanl  it 
claimed  that  the  Indians  had  longer  range  guns  than  our  own  trtnips. 
Now,  when  there  have  been  no  close  engagements,  a  lieutenant-colonel 
of  cjivalry  writes  to  a  Uniied  States  Senator:  "The  Indian  tribes  on  our 
fipon tiers  have  excellent  arms,  and  many  of  our  officers  and  soldiers  be- 
lieve their  range  is  greater  than  the  arms  used  by  us." 

Thoughtful  and  experienced  captains  of  infantry  have  recommended 
that  one  leaf-sight  be  abolished  and  the  buckhorn  substituted,  for  the 
reason  that  our  soldiers  as  a  class  were  not  reliable  marksmen  beyond 
point-blank  range. 

In  the  hands  of  goo<l  shots  our  gun  has  always  proved  satisfactory. 
I  have  seen  Capt.  D.  W.  Benhain,  of  the  Seventh  Infantry,  now  on  the 
Equipment  Board  in  Washington,  hit  a  tree-stumj)  three  times  in  five 
shots,  standing  and  firing  from  the  shoulder  without  muzzle  rest,  at  a 
distance  of  1,(K)0  yards,  with  caliber  .45  Springfield  rifle  taken  at  hap- 
hazard from  his  company  ra«k.  On  the  Yellowstone,  in  1876,  Greneral 
Terry,  at  a  range  of  400  yards^  with  a  similar  arm  outshot  both  the 
Sharp's  Creedmoor  and  Winchester  guns.  General  Crook  carrie<l  a 
Springfield  caliber  .45  lifle  in  the  campaign  of  1870,  and  General  Gib- 
bon always  uses  one,  hunting  and  fighting,  with  buckhom  sight  and  set 
trigger,  modifications  that  may  affect  the  accuracy  but  not  the  range  of 
the  weapon.  Reynolds,  the  guide,  who  was  killed  on  the  Little  Big- 
horn, the  best  shot  in  Dakota,  carried  a  government  gun.  Captain 
Ball,  of  the  Second,  and  Captain  Benteen,  of  the  Seventh  Cavalry,  cer 
tainly  representative  company  commanders,  have  both  very  recently 
officially  reported  that  they  were  satisfied  with  the  standard  carbine- 
The  same  lieutenant-colonel  already  referred  to,  in  an  official  communi. 
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cation  of  about  the  same  date  as  his  letter  to  the  Senator,  writes  as  fol- 
lows of  the  rifle : 

The  rifl<^,  owing  to  its  1(>nf;tli  und  weight,  cannot  be  naed  by  a  man  mounted* 
Then,  again,  its  length  and  weiglit  make  it  too  cnmbrons  and  iucouvouient.  It  can* 
not  be  carried  atta<;]ied  to  a  Hling-belt  Hlung  across  the  back  ;  it  is  inaccessible,  and 
causes  delay  in  mounting,  dismounting,  and  getting  into  action.  Again,  if  slung  on 
the  pommel  of  the  saddle,  it  being  badly  balanced,  would  soon  give  the  animals  sore 
withers  and  backs,  besides  spreading  the  column  greatly. 

So  far  as  this  officer's  opinion  is  concerned,  the  plan  of  arming  cav- 
alry with  rifles  is  effectnally  disposed  of. 

Our  carbine  can  safely  use  our  70- grain  cartridge,  and  no  carbine  of 
equal  weight  could  use  a  heavier  charge  without  great  danger  and  in- 
tolerable recoil.  Complaints  have  already  been  made  in  regard  to  the 
severity  of  the  recoil  of  our  present  arms  using  the  standard  cartridge. 
What,  then,  would  be  the  result  were  we  to  increase  the  charge  without 
augmenting  the  weight? 

The  longei^t-rauging  Indian  arm  I  have  seen  is  the  octagonal-barreled 
Sharp's  rifle,  a  piece  manifestly  too  heavy  to  be  used  as  a  military  arm. 
If  weight  is  not  objected  to,  an  arm  can  be  made  at  the  National  Arm- 
ory that  will  outrange  any  gun  yet  tried.  Our  rifle  at  1,650  yards,  using 
the  service  ammunition,  will  penetrate  two  inches  of  pine,  and  therefore 
hilL  Is  not  this  enough  for  all  military  purposes !  If  we  attempt  to 
accomplish  more  than  this  without  increasing  the  weight  of  the  piece 
the  recoil  becomes  impracticable.  Our  arms  can  now  kill  an  enemy  so 
soon  as  he  becomes  distinctly  visible  to  the  eye,  provided  he  is  hit  And 
it  is  just  in  this  inability  to  hit  that  the  true  source  of  all  dissatisfaction 
with  our  standard  arms  as  military  weapons  is  to  be  found.  Our  soldiers 
as  a  class  are  not  skillful  marksmen. 

The  disjointed  system  we  call  "  tivrget  practice,"  so  far  as  my  observa- 
tion goes,  does  very  little  good  in  improving  our  men.  I  know  of  oue 
regiment  of  cavalry  where  no  so-called  "target  practice"  has  taken 
place  for  a  year  past.  I  do  not  mean  to  be  understood  that  this  was 
owing  to  any  neglect ;  it  was  probably  due  to  the  variecl  duties  the  men 
were  called  u)X)n  to  perform.  Still,  the  fact  remains  that  while  the  com- 
panies were  in  garrison  nothing  was  done  to  improve  individual  marks- 
manship. 

Where  target  practice  does  occur,  men  fire  at  known  ranges  of  100 
and  200  yards.  This  is  really  an  aiming  and  firing  drill,  a  relic  of  the 
military  epoch  where  heavy  line  firing  at  known  intervals  was  the  custom. 

Our  fighting  now  is  extended  skirmishing,  and  men  should  be  taught, 
what  I  deem  the  most  important  attribute  of  a  military  marksman,  the 
just  estimation  of  distances.  This,  our  present  practice,  founded,  I  be- 
lieve, u]>on  the  Wimbledon  system,  does  not  do. 

Wimbledon,  or  our  Creedmoor,  produces  fine  dilettanti  shots,  men 
who  at  extraordinary  known  ranges,  by  assuming  positions  impractica- 
ble, from  a  military  standpoint,  can  make  any  number  of  successive 
bulls-eyes.  This,  however,  is  not  military  practice.  Our  soldiers  should 
be  taught  to  shoot  as  Captain  Benham  does — to  estimate  correctly  the 
distance  of  the  object,  and  then  to  hit  it  by  fair  firing  from  the  shoulder. 

As  I  have  repeatedly  recommended,  we  need  a  thorough  system  of 
target  practice.  Men  should  be  taught  the  relative  sizes  of  objects,  apt' 
to  be  seen  in  the  field,  at  varying  distances ;  the  Le  Bouleng^  field  and 
musket  telemeters,  and  no  simpler  distance  measurer  can  be  desiredy 
should  be  generally  introduced. 

If  this  l^  done,  and  the  target  allowance  be  honestly  expended  in  tar« 
get  practice,  our  men  will  become  good  shot«,  and  these  i)eriodically  re- 
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curring  animadversions  upon  the  "shooting''  qualities  of  our  arms  will 
cease. 

I  inclose  a  communication  from  Lieut.  J.  W.  Pope,  Fifth  Infantry,  act- 
ing ordnance  officer  in  charge  of  the  Tongue  River  Depot,  upon  the 
subject  of  Indian  armament,  to  which  I  invite  especial  attention. 
Verj'  respectfully,  your  obedient  servant, 

O.  E.  MICHAELIS, 
Captain  of  Ordnance^  Chief  Ordnance  Officer, 


Headquarters  Military  Division  of  Missoitbi, 

Office  of  Chief  Ordnance  Officer, 

Chicago^  June  26,  1879. 
Chief  of  Ordnance,  U.  S.  A., 

WaMngtoUj  B.  C. 

Sir  :  Replying  to  your  letter  to  me  of  October  10,  1878,  which  is  in- 
closed, I.  have  the  honor  to  state  that  it  was  referred  ])y  me  to  the  as- 
sistant adjutant-general  of  the  division  October  12,  with  request  for 
action,  as  will  be  seen  by  the  indorsement  on  its  back.  The  Lieutenant 
General  forwarded  copies  of  this  letter  to  the  department  commanders, 
requesting  compliance  with  its  terms.  Up  to  this  date  I  have  receiveii 
the  papers  which  are  appended  and  four  rifles.  The  latter  are  forwarded 
to  you  to-day  by  express. 

The  subject  covers  a  broader  field  than  any  one  officer  can  possibly 
investigate,  aild  especially  when  department,  post,  and  regimental  offi- 
cers are  not  heartily  in  accord  with  its  purpose. 

There  are  also  as  many  opinions  on  the  subject  as  there  are  officers  in 
the  service.  It  would  be  presumption  on  my  part,  therefore,  to  offer  a 
solution  of  the  general  question  of  the  proper  armament  for  cavalry  in 
Indian  warfare. 

Coming  to  the  special  case  of  the  officer  in  the  Department  of  Mis- 
souri, between  certain  companies  of  the  Fourth  Cavalry  and  the  North- 
em  Cheyennes,  which  was  the  immediate  cause  of  your  letter,  I  think 
the  papers  appended  will  show  the  general  character  of  the  armament 
of  this  band  at  the  time.  From  these  papers  I  abstract  the  following 
lists : 

Surrendered  by  Cheyennes  to  Captain  Johnson^  Third  Catalry^  at  Chadnm 

Creek^  Nebr.,  October  24,  1878. 

One  Wiuchester  rifle.  One  Sohofield-Smith  &  Wesson  revolver. 

One  Sharj)*8  carbine,  caliber  .50.  One  Colt's  revolver,  old  pattern. 

One  Spencer  carbine.  One  Remington  revolver,  old  pattern. 

One  shot-gun,  double-barreled.  One  horse-pistol,  and 

Nine  muzzle-loading  rifles,  various  pat-  Fifteen  or  twenty  sets  of  bo^s  and  arn>w<». 
terns. 

Surrendered  at  Camp  Robinson  to  Lieutenant  Ch^sCj  Third  Cavalry, 

One  Henry  rifle.  •  One  Springfield  carbine,  and 

One  Sharp's  rifle.  Two  unknown  patteras. 

Three  muzzle-loading  rifles. 

Captured  from  IndiUns  after  the  outbreak  at  Camp  Robinson,  giving  indi- 

cation  of  long  possession  by  Indians, 

Seven   Springfield  breech-loading  rifles,  One  Colt's  revolver,  caliber  .36. 

caliber  .50.                                                ,  One  Colt's  revolver,  Navy,  old  pattern. 
One  Springfield  carbine,  caliber  .45.  One  Remington  revolver,  Army,  old  pat- 
Three  Sharp's  carbines,  caliber  .50.  tern. 
One  Sharp's  rifle  (old  reliable). 
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Surrendered  to  Lieutenant  Clarice^  Second  Cavalry. 

Four  Springfield  carbines,  caliber  .45.  Two  Colt's  revolvers,  caliber  .45. 

Three  Springfield  rifles,  caliber  .50.  Two  Smith  &  Weswou  revolvei*M,  caliber 

Fonr  Sharp's  rifies,  caliber  .45.  .44. 

One  Sharp\  rifle,  caliber  .50.  Five   Colt's  revolvers,  calibers  .44    and 

Four  Sharp's  carbines,  caliber  .50.  .31. 

One  muzzle-loading  rifle  (old).  One  Remington  revolver,  caliber  .44. 
Three  Wiuchest<»r  and  Henry  repeating 
rifles. 

Or  a  total  armament,  as  far  as  ascertained,  of  fifty-three  rifles,  carbines, 
and  muskets  of  various  patterns,  seventeen  revolvers  of  various  pat- 
terns, and  fifteen  or  twenty  sets  of  bows  and  arrows. 
In  tliis  number  therQ  are : 

Ten  Springfield  rifles,  caliber  .50.  Four  Sharp's  rifles,  caliber  .45. 

One  Shari)'s  rifle.  One  Sharp  s  rifle,  caliber  .50. 

One  Sharp's  rifle  (old  reliable). 

Which  with  proper  charges  of  powder  and  lead  give  a  greater  range 
than  the  Springfield  carbine  with  its  own  special  cartridge.  I  hardly 
think  it  just  to  the  command  concerned  in  this  aflFair  to  exclude  United 
States  service  arms  in  i)ossession  of  the  Indians  in  determining  whether 
there  was  proper  ground  for  the  prevailing  opinion  that  the  Indian  arms 
were  superior  in  range  and  accuracy  to  the  carbine  armament  of  the 
command. 

The  four  rifles  referred  to  as  sent  you  to-day  by  expre^ss  are — 

One  Shai*p's  rifle,  long. 

One  Shari)'s  rifle,  short. 

One  Heni-j^  repeating  rifle  (surrendered  at  Camp  Robinson). 

One  Winchester  repeating  rifle  (sent  from  Fort  Keogh  by  onler  of 
General  Terry). 

And  are,  I  believe,  selecti*4  specimens  of  the  best  arms  in  the  posses- 
sion of  the  Indians.  As  is  Well  known  to  all  acquainted  with  arms,  the 
Henry  and  Winchester  are  vastly  inferior  in  range  and  accuracy  to  the 
Springfield  carbine,  though  these  seem  to  be  preferred  by  the  Indians 
on  account  of  their  rapidity  of  fire  to  the  extent  of  the  contents  of  the 
magazines,  in  this  resx)eet  offering  some  advantages  in  a  moment  of 

emergency  to  a  horseman. 

•  •       •        •  •  •  •  • 

While  adhering  to  my  resolution  not  to  attempt  a  solution  of  the 
proper  armament  of  our  cavalry,  I  think  it  is  patent,  and  that  I  should 
stat^  it  more  explicitly  here,  that  our  Springfield  carbine,  caliber  .45,  has 
a  greater  effective  range  and  greater  accuracy  than  any  carbine  made, 
and  much  greater  than  the  Winchester  and  Henry  repeating  rifles.  But 
the  Indians  do  possess  a  rifle  here  and  there,  possibly  one  in  ten  of  their 
armament,  that  exceeds  it  in  range  and  accura^^y  at  long  range.  To 
overcome  this  advantage  the  method  in  use  in  the  Fifth  Oavalrj'^,  giving 
to  each  company  five  Springfield  rifles  for  selected  marksmen,  and  in 
the  Seventh  Cavalry,  giving  ten  rifles  per  company  for  the  same  pur- 
pose, seems  to  answer. 

•  •••••• 

As  bearing  on  the  question  at  issue,  it  might  be  stated  here  that  aside 
from  the  companies  ot  the  Fourth  Cavalry  serving  in  the  Department 
of  Missouri,  which  were  ordered  to  be  armed  with  the  Springfield  rifle, 
and  Companies  K  and  M,  Third  Cavalry,  which  had  been  for  some  time 
so  armed,  none  of  the  companies  of  cavalry  serving  iu  this  division  have 
availed  themselves  of  the  permission  granted  by  the  General  of  the 
Army  to  exchange  their  cai'bines  for  rifles.  The  only  inference  from 
this  is  that  a  large  majority  of  cavalry  still  have  faith  in  the  carbine. 
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Some  weeks  since  I  ascertained  that  406  surrendered  Indian  (Bioax 
and  Cheyenne)  arms  of  various  patterns  had  been  in  tbe  possession  of 
the  depot  quartermaster  at  Cheyenne  for  a  year  or  more.  I  believe  these 
have  been  sent,  as  requested,  to  the  commanding  officer  of  the  National 
Armory,  and  his  special  knowledge  and  the  facilities  at  his  disxK>sal  will 
enable  him  to  report  upon  their  merits  as  compared  with  the  carbine 
more  definitely  than  I  have  attempted. 

I  have  delayed  forwarding  this  report  in  the  expectation  of  receiving 
the  arms  before  mentioned  as  captured  by  Lieutenant  Clark,  but  they 
have  not  yet  reached  me. 

Very  respectfully,  your  obedient  servant, 

J.  W.  RE  ILLY, 
Captain  of  Ordnance^  Chief  Ordnance  Offieer. 
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APPENDIX  W. 

REPORTS  ON  MULTIBALL  CARTRIDGES  FOR  SMALL-ARMS. 

Mi\j.  J.  M.  Whittkmobr,  Capts.  £.  M.  Wbight  and  J.  £.  Giirbr,  and  Lieats.  R.  Bismk,  Jr.,  and 

C.  C.  MoBRiaox,  Ordnahce  Departonent. 

(Forty-four  plates.) 

Frankford  Arsenal,  Pa., 

June  13,  1878. 
The  CoMMANDiNa  Officer, 

Frankford  Arsenal : 

Sir:  I  have  the  honor  to  make  the  following  report: 

It  has  for  some  time  seemed  to  me  that  great  accuracy  and  long  range 
in  military  fire-arms  have  been  sought  after  by  everybody,  while  too 
little  attention  has  been  paid  to  destructiveness  at  short  distances.  The 
result  of  this  has  been  the  almost  universal  demand  for  the  magazine 
gun. 

With  a  view  of  increasing  the  efficiency  of  our  present  service  arms 
at  comparatively  short  ranges,  I  have  in  vented,  a  buckshot  or  three-ball 
cartridge,  the  experiments  with  which  show  results  sufficiently  satisfac- 
tory^ to,  at  least,  be  worthy  of  record.   - 

Any  good  breech-loader  can  be  fired,  l^^th  deliberate  aim,  over  five 
times  a  minute.  In  tests  for  rapidity  of  fire  the  Springfield  rifle  has 
been  fired  twenty-three  times  a  minute,  loading  from  the  cartridge-box. 

]S^ow,  any  one  accustomed  to  firing  knows  how  deliberate  the  aim 
must  be  to  be  eftective,  even  at  one  or  two  hundred  yards.  He  also 
knows  that  it  is  the  time  required  to  aim,  and  not  so  much  the  time  to  load, 
that  determines  the  rapidity  of  effective  fire  with  the  modem  breech-loader. 

In  the  Army  and  Navy  Journal,  dated  May  25,  the  following  appears: 

Recent  official  Rnasian  reports  sliow  that  only  16|^  per  cent,  of  an  active  anuy  are 
kiUed  or  wounded  during  a  long  and  exceptionally  sanguinary  war.  The  value  of  the 
range-finder  is  shown  by  the  assertion  which  is  made  that  if  the  distances  had  been 
known  a  higher  result  would  have  been  obtained  by  a  single  discharge  of  all  the  small- 
arms  and  guns,  using  shrapnel  for  the  latter. 

We  all  know  that  the  Turkish  army  was  supplied  with  excellent  arms 
and  ammunition. 

When  we  consider  the  immense  amount  of  ammunition  that  will  be 
fired  away  and  wasted,  and  the  difficulty  »  f  keeping  up  the  supply  in 
action,  it  has  seemed  to  me  that  in  seeking  the  magazine  arm  as  ^'  the 
gun  oi  the  future,"  without  first  examining  the  cartridge,  we  are  only 
bringing  on  ourselves  "future"  trouble  without  due  consideration. 

As  a  fact,  a  magazine  gun  is  supposed  to  be  used  as  a  single  breech- 
loader, except  at  comparatively  short  range,  and  it  is  its  rapidity  of  fire 
and  great  destructiveness,  under  such  circumstances,  that  especially  com- 
mend it.  Now,  if  we  can,  by  the  cartridge,  increase  two  or  three  fold 
the  destructiveness  of  our  service  arms,  under  similar  circumstances,  do 
we  not  to  a  great  extent  do  away  with  the  requirement  for  a  magazine 
gunt  In  fact,  all  things  considered,  do  we  not  excel  it  as  the  arm  for 
general  use!  Of  course  a  magazine  gun  with  such  a  cartridge  would 
be  still  more  destructive,  but  its  construction,  cost,  delicacy  of  mechan- 
ism, &c.,  must  also  be  considered. 
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I  do  not  deny  the  great  results  which  might  be  obtained  by  a  8i)ecial 
corps  armed  with  the  magazine  gun,  but  it  seems  to  me  that,  for  general 
use,  the  service  arm  with  a  buckshot  cartridge,  in  addition  to  the  pres- 
ent one,  is  all  that  would  be  required.  I  am  aware  of  the  imj>olicy  of 
increasing  thenww/fr^and  Mndof  cartridges  for  small-arms,  but  whether 
the  increased  efficiency  obtained  will  not  more  than  comjjeiisat^^  for  this 
"impolicy'*  must  be  left  to  the  test  of  practical  exi)erience. 

With  the  field-piece  we  use  several  different  kinds  of  projectiles  for 
different  purposes  and  at  different  ranges.  It  is  only  i)ropo8ed  to  give 
the  soldier  two  kinds  of  cartridges,  easily  distinguished. 

I  have,  by  your  permission,  made  the  necessary  alterations  in  a  ser- 
vice Colt's  revolver  so  as  to  adapt  it  to  this  cartridge.  The  same  can 
also  be  made  in  the  Smith  &  Wesson. 

Should  the  revolvers  be  thus  altered  we  would  then  have  a  cartridge 
whkh  could  be  used  in  all  small-armSj  which  would  practically  be  the  only 
one  for  the  revolver  and  a  8i)ecial  one  for  the  ritle  and  carbine.  The 
cavalry  would  then  have,  as  now,  only  two  kinds  of  c/jbrtridges,  and 
should  the  bayonet  be  done  away  with,  as  proposed  by  some,  the  infantry 
could  be  supplied  with  a  cartridge  which  could  be  used  equally  well  in 
the  revolver  or  rifle. 

An  examination  of  the  chamber  of  the  Springfield  rifle,  caliber  .."K), 
showed  that  the  length  of  the  cartridge  shell  could  be  increased  suffi- 
cient to  get  in  three  buckshot  with  fifty  grains  of  service  powder.  The 
bullets  were  made  of  lea<l  and  tin,  so  as  to  lighten  them. 

A  large  poi-tion  of  the  militia  is  armed  with  this  rifle.  For  their  piu*- 
I>oses,  used  as  they  are,  in  ordinary  times,  only  to  quell  disturbances  (»r 
suppress  riots,  this  cartridge  would  seem  to  possess  special  features. 

The  ultimate  range  of  a  rifle-bullet  is  such  that,  in  street-fightinjj, 
friends  as  well  as  foes  are  endangered.  The  buckshot  with  shorter 
range  would  be  more  efficient  and  not  so  dangerous  to  friends.  A  Gat- 
ling  gun,  either  .45  or  .50  caliber,  with  this  cartridge,  would  literally  prove 
a  "  a  new  broom."  In  the  field,  provided  with  a  shield  and  sufficient 
oscillation,  a  Gat  ling  gun  properly  supported  could,  with  this  cartridge, 
send  such  a  shower  of  bullets  as  would  practically  render  its  position 
impregnable. 

A  thousand  men  in  a  rifle-pit,  firing  ten  times  a  minute  at  an  enemy 
making  a  charge,  would  send  at  them  30,000  bullet's,  all  effective  up  t4) 
300  yards.  One  hundred  and  fifty  yards  a  minute  is  a*  fast  run,  espe- 
cially when  subjected  in  that  time,  man  for  man,  to  thirty  bullets. 

Asoldier  need  only  carry  a  few  of  these  caitridges,  and  their  form  is 
such  as  to  readily  distinguish  them.  Their  weight,  even  if  carrie<l  in 
addition  to  the  regular  number  of  rounds,  ought  to  be  a  soldier's  lightest 
load,  when  he  considers  the  increased  i)rotection  they  afford  him. 

The  changes  required  in  the  Colt's  revolver  to  adapt  it  to  this  car- 
tridge are : 

1st.  New  cylinder  and  frame. 
2d.  A  new  hand. 

3d.  Ejector-rod,  tube,  and  spring. 
4th.  A  new  gate. 

Using,  as  I  have,  the  present  service  case  for  rifle  and  carbine  car- 
tridges, the  width  of  flange  necessitated  increasing  the  size  of  the  cylin- 
der or  decreasing  the  number  of  the  chambers.  The  latter  was  done 
and  the  revolver  comi)leted  as  a  five-shooter.  The  cylinder,  frame, 
hand,  and  eje<5tor-rod  were  made  new.    The  ejector-tube  was  lengthene<l 
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and  the  old  gate  used.   As  finished,  its  weight  compares  with  the  service 
as  follows : 

Buckshot,  empty 2  lbs.  12^  oz. 

Service,  empty 2  lbs.    6^  oz. 


Diflference  in  weight,  empty 


6   oz. 


Buckshot,  loaded ' 2  lbs.  i9|  oz. 

Serx'ice,  loaded 2  lbs.  13    oz. 


Difference  in  weight,  loaded. 


6f  oz. 


The  cost  of  the  alteration  is  variously  estimated  at  from  live  to  nine 
dollars  when  made  by  the  quantity.  The  alteration  of  the  Smith  & 
Wesson  woiUd  probably  cost  more ;  the  cost  new  of  both  revolvers  would 
be  about  the  same  as  those  in  service. 

DESCRIPTION  OF  BUCKSHOT  CARTRIDGE,  FOR  PRESENT  SERVICE  ARMS 
AND  ALTERED  REVOLVERS. — CAL.   .45  BUCKSHOT. 


Case,  present  rifle  case,  uniformly 
tapered ;  charge,  40  or  45  grains 
service  powder;  3  round  bullets, 
pure  liead ;  diameter,  ".458 ;  lubri- 
cant, bullets  dipped  in  Japan  wax, 
bullets  pushed  in  far  enough  to  af- 
ford a  good  crimp  on  last  one. ' 


40  trrt.7owder. 


#  i#  i# 


The  following  is  the  record  : 

Fir6d  from  carbine ;  fixed  rest ;  distance,  200  yards;  targel,  15  feet  square. 


Charge. 


Number  of 
shota. 


Xomber  of    Number  of 


ballets. 


hits. 


Remarks. 


45  grains. 
50  gndns. 
55  grains. 


25 
20 
20 


60 
60 
60 


40    '  No  lubricant. 
20    .       Do. 
24  Do. 


60 


180 


84 


Fouling  from  180  shots,  233  grains. 


Charge. 


45grahis. 
50  grains. 
55  grains. 


Namber  of    Number   of 
shots.  bullets. 


Number   of  i 
hits. 


Bemarks. 


20 
20 
20 


60 

56 

60 

46 

!                  60 

88 

Lubricant  between  front  and  next  bullet. 
Do. 
Do. 


60 


180 


135 


Fouling  from  180  shots,  3  grains ;  v&rj  strong  breeze  across  line  of  fire,  fr«m  right  to  left. 


Charge. 


40  grains. 
46  grains. 
50  grains. 
55  grains. 


Number  of 
shots. 


20 
20 
20 
20 

80 


Number  of 
bullets. 

Number   of 
hito. 

37 
39 
44 
36 

Remarks. 

60 
60 
60 
60 

Lubricant  in  paper  cap  on  top  of  powder. 
Do. 
Do. 
Do. 

240 

156 
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Fired  froDi  rifle  ;  distance, 200  yards;  from  shoulder,  with  rest ;  target,  15  feet  aqnan'. 


Charge. 


45  grains, 


Number  of      Number  of 
sbota.       I      bulleUi 


33 


99 


Number  of 
hito. 


63 


Remarks. 


Lubricant  between  bulleta. 


Fired  from  rifle ;  distance,  100  yards ;  from  shoulder,  with  rest ;  target,  12  feet  sqaare. 


Ch«8-               ^Xu"' 

Number  of 
bnlleta. 

Number  of 
hita. 

Remarks. 

45grain8 10                      30 

SOeraina .               10                     30 

Lubricant  b^twe^iv  ballet <l 

Do. 

SSgraina 10 

eOgraiuB 10 

30 
30 

Do. 
Do. 

40                    120 

114 

Rapid  firing  from  carbine;  distance,  100  yards ;  target,  12  feet  square. 


Charge. 


Number  of 
ahots. 


50  grains 
50  grains 
55  grains 


17 
17 
17 


Number  of 
bullets. 


54 

(*) 
(t) 


Number  of 
hits. 


27 
19 
15 


Remarks. 


Time  of  firing  1^  minutes. 
Do. 
Do. 


*  Two  round  bullets  and  1  revolver  bullet ;  total  bulleta,  54. 


t  Service  carbine. 


The  above  were  fired  by  a  good  marksman  and  show  the  necessity  for 
the  time  required  for  a  proper  aim. 

To  test  whether  firing  the  buckshot  had  injured  the  rifle,  a  target  was 
made  with  it,  and  it  was  found  that  while,  before,  the  rifle  had  fired  nine 
inches  low  at  300  yards,  it  now  fired  four  feet  and  a  half  high.  A  possi- 
ble explanation  of  this  is  that  the  buckshot  (especially  those  without 
lubricant)  took  off  the  sharp  edges  of  the  lands ;  so  that  the  rifle-bullet 
would  then  meet  with  less  resistance.  At  any  rate  the  trajectory  vm 
flattened  and  the  rifle  improved. 

A  new  rifle  was  then  taken,  and  targets  at  three  and  five  hundred 
yards  obtained  as  follows : 

300  yardi, 

Meau  vertical  deviation '.2^ 

Mean  horizontal  deviation 373 

Mean  absolute  deviation..^ 4* 

500  yards. 

Mean  vertical  deviation '.570 

Mean  horizontal  deviation tfiS 

Mean  absolute  deviation 846 

Three  hundred  buckahot  cartridges  were  then  fired  from  the  rifle  and  targets  again 
taken. 

300  yards. 

Mean  vertical  deviation '.4(15 

Mean  horizontal  deviation 247 

Mean  absolute  deviation 474 

500  yards. 

Mean  vertical  deviation -.716 

Mean  horizontal  deviation 744 

Mean  absolute  deviation l.OBl 
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Showing  excellent  practice.  The  targets  being  taken  on  diflferent 
days,  would  account  for  the  slight  difference  in  mean  absolute  devia- 
tions.   No  injury  to  the  rifling  could  be  discovered. 

I  also  tried  experiments  with  different  shaped  bullets.  A  cylinder  of 
lead  and  tin  just  fitting  the  case  was  cut  of  different  lengths.  Some  of 
these  were  cut  into  segments  thus : 


The  results  were  not  sativsfuctory.  I  then  took  a  caliber  .58  round  bul- 
let and  drove  it  through  a  di«  one-half  inch  in  diameter,  making  a  bullet 


of  this  shape : 


Fired  the  same  with  caliber  .50  bullet  for  the 


.45  caliber.  In  some  of  these  a  cannelure  was  cut  for  the  lubricant 


thus : 


I  also  bored  holes  through  some  of  the  bullets,  and  made 


some  cartridges  like  this, 


so  that 


the  gas  could  get  to  the  front  bullet,  filling  the  holes  vnith  powder ;  there 
was  no  improvement  in  the  results,  though  driving  the  bullets  through 
the  gun  by  hand  showed  they  took  the  rifling,  due  to  their  sluggage. 

Velocities,  recoils,  and  penetrations  of  the  cal,  .45  huclcshot  cartridge^  fired 

from  the  rifle  ;  charge,  45  grs. 

Velocity:  Average  of  5  shots 1009. 8  feet. 

Recoil :  Average  of  Oshots 77.4  pounds. 

Penetration  at  200  yards  through  pine  boards  1 J  inch  thick  and  over 
half  inch  into  second  board.  In  some  instances  through  the  second 
board,  giving  at  least  one  and  five-eighth  inches  penetration. 

I  send  with  this  report  a  few  bullets  picked  up  in  front  of  the  target 
They  are  fair  samples. 

BUCKSHOT  REVOLVER.  ^ 

(Service  Colt  altered.) 

As  soon  BB  the  revolver  was  rough  finished  I  fired  it  (held  in  a  vise) 
as  follows : 

10  shots,  35  grains,  3  bullets. 
10  shots,  40  grains,  3  bullet-s. 
10  shots,  45  grains,  3  bullets. 
6  shots,  65  grains,  1  service  rifle  bullet. 

Having  stood  these  tests  it  was  then  finished,  and  is  a  very  creditable 
piece  of  work  to  Mr.  Dungan,  the  workman  who  made  it 

The  need  of  a  fixed  rest  was  greatly  felt,  and  I  had  to  improvise  one. 
It  has  worke<l  well  and  will  be  the  subject  of  a  Aiture  report.    I  have 
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l>eeu  able  to  get  velocities,  recoils,  penetratioAS,  and  have  measured  the 
tendency  of  tlie  muzzle  to  rise  or  "  kick  up." 

The  targets  and  results  follow  those  obtained  with  rifle  and  carbine. 
As  is  to  be  expected,  the  recoil  is  more  than  with  the  service  ammuni- 
tion. It  is,  however,  not  enough  to  trouble  one  in  firing,  while  tlie 
efficiency  of  the  revolver  is  increased  nearly  three  times. 


REVOLVERS,   RECOILS,   AND  PBMBTRATION8. 

No  teii^iion  on  recoil  npring ;  target  of  pine  boards  }  inch  thick,  separated  br  spaces 
i  inch,  distant  25  yards. 

Sennoe  revolver  and  service  ammnnition. 


Shot. 


RecoU. 


Feoeta- 

tioa 


1. 
2 
3. 
4. 
5. 
6. 
7. 
8. 
0 
10. 


Average 


Pounds. 

jMkm. 

21 

7.r 

20 

7.C 

21 

7.75 

I          21 

7.75 

21 

7.50 

ae 

7.50 

24 

7.S2 

20 

7.» 

20 

&25 

24 

7.60 

21.2 

7.4111 

Actual  penetration  in  boards,  8.01  inchee. 

Service  Colt's  revolver  and  Colt's  cartridge  (30  grains). 


Shot. 


1. 
2. 
8. 
4 

6. 
6. 

7. 

8. 

9, 
10. 
11. 


Average 


Recoil. 


Pounds. 
22 
23 
22 
22 
22 
24 
26 
23 
24 
24 
28 


RemarlEa. 


I 


^  Penetration  through  6  boards  {  inch  thick,  s^nanted 
by  spaces  of  { inch.    In  actaal  b<>ards  4.  Sr7  uicbf!«. 


23.1 


Baokshot;  40-grain  charges. 


Knmber  of  shot. 


Recoils.  I    Penetration  at  25  yards.      Avenge- 


1 
2 
3 

4 
6 
6 
7 
8 
9 
10 


Average. 


Powidt, 
31 
32 
33 
80 
30 
82 
32 
31 
82 
32 

3L5 


Inehet. 
4 

4.6 
6.87 
4 

4.37 
6.25 
4.6 
6.25 
4.25 
4 


Inches. 
6l37 
8.6 
4.5 
4.6 
5.26 
6.25 
4.5 
5.5 
4.25 
5 


In^es. 

6.37 
.3.5 
4 

4:5 
5 

&25' 
7.6 
5.5 
5 
4.6 


Inslm. 

x& 

4J1 
5.0? 

5.41 

4.5 
4.5 

4.6£ 


Aotaal  penetration  In  boacds,  2.025  inches. 
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1 . 

2.. 

3  . 

4  . 
6. 
«  . 
7., 
8. 
9.. 

10. 


Buckshot;  45-grain  charges;  no  tension  on  recoil  spring. 


Namber  of  shot. 


Average. 


Actual  penetration  in  boards,  2.724  inches. 


Recoils. 


Pvundt. 
33 
32 
36 
34 
34 
34 
34 
36 
34 
36 


34.3 


Penetration  at  25  yards.      Average. 


Inehe€.    Inches.    IneJiet. 


5.5 

4.75 

5.37 

4.12 

4.62 

6.25 

6 

6 

5.5 

5.87 


5.75 

4.25 

4.5 

5 

4.25 

7 

5 

6 

5 

5.25 


RECOILS. 


Spring  with  initial  tension  of  twenty  pounds. 


6.5 

4.62 

5.5 

5 

5 

5.25 

6 

5.87 

5.87 

5.5 


Inehea. 
5.58 
4.54 
5.12 
4.70 
4.62 
6.16 
5.83 
5.05 
5.45 
5.54 


5.849 


Service. 

Buckshot,  40 
grains  charge. 

Buckshot,  45 
grains  charge. 

81 
81 
82 
82 
29 

46 
46 

47 
46 
47 

49 
48 
49 
47 
47 

Average,  31                  |             46. 66 

48 

1 

2  pounds. 

PENETRATIONS  AT  100  YARDS. 

Service,  10  shots. 

5  through  4  boards  1  inch. 
5  through  3  boards  |  inch. 

40-grain  buckshot. 

8  through  2  boards  l  inch. 
/  2  nearly  through  second  board. 

45-grain  bnckshot. 

All  clear  through  two  boards  }  inch  and  ^  inch  in  third  board. 

VELOCITIES. 

Average  of  five  shots. 

Feet. 

Service 732 

Colt's  30-grain  charge 796 

Buckshot  35-grain  cnarge 657 

Buckshot  40-grain  charge 6d5 

Buckshot  45-gTain  charge 741 
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Tendency  of  muzzle  to  rise. 


A    Centre  of  moton. 
B    Muzzle  rest. 
C    Spriug  balance. 


Ten  pounds  initial  tension  on  spring,  fastened  at  front  sight.    Center 
of  motion.    (See  figure.) 


Service  revolver  and  ammunition. 

Average  of  10  shots 19.? 

Highest » 

Lowest 19 

Diameter  of  circle  containing  aU  shots ;  distance  25  yards,  6^ 
inches. 


CoWs  revolver — SO-grain  charge. 

Foaada. 

Average  of  10  shots - 1^9 

Highest 20 

Lowest 1^ 

Diameter  of  circle  containing  all  shots ;  dlatance  25  yards,  4} 
inches. 


Service  ammunition  and  buchshot  revolver. 

Average  of  10  shots 13.3 

Highest 19 

Lowest 17 

Diameter  of  oircle  containing  all  shots,  7  inches ;  distonce  35 
yards. 


Buckshot  cartridge — iO-grain  charge. 

Pouadi. 

Average  of  10  shots 26^9 

Highest 29 

Lowest 25 

'    Diameter  of  circle  containing  aU  shots,  10  inches;  disUnce 
25  yards.  • 
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Buekahot  cartridge — iB-gram  charge^ 

Pounds. 

Average  of  10  shots 30 

Highest. » 31 

Lowest 29 

Diameter  of  oirole  oontftinlng  all  shots,  8^  inches ;  distance 
25  yards. 

Tendency  of  muzzle  to  rise. 
Spring  with  tension  of  15  pounds. 

^5emo«.— Twenty-four  pounds,  no  variation:  diameter  of  circle 
containing  aU  shots,  distance  35  yards,  7  inones. 


Service  ammvmtion — huolcBkot  revolver. 

Pounds. 

Average  of  10  shots .' 19.6 

Highest 20 

Lowest 19 

Diameter  of  ciiole  containing  all  shots,  distance  85  yards,  9 
inches. 

Bv4ik8kot  cart/ridge — M-grain  charge. 

Founds. 

Average  of  10  shots 30. 1 

Highest 31* 

Lowest - 30 

Diameter  of  circle  containing  all  shots,  distance  85  yards,  12 
inches. 

Buckshot  cartridge — ^-grain  charge. 

Pounds. 

Average  of  10  shots 32.2 

Highest .".'  33' 

Lowest .b ,._  32 

Diameter  of  circle  containing  all  shots,  dist  ance  25  yards  12 
inches.  ' 


The  experiments  conclnded^  the  revolver  ^as  again  bined.  and^  with 
some  cartridges  of  40  and  45  grain  charges,  accompanies  this  report. 
The  revolver  has  been  fired  over  575  times,  mostly  from  the  fixed  rest, 
but  many  times  from  the  hand,  with  charges  varying  firom  35  to  45 
grains.  It  has  been  fired  over  one  hundred  times  without  cleaning,  and 
worked  welL  At  200  yards,  the  target,  15  feet  square,  has  been  hit, 
firing  firom  the  hand,  ten  times  out  of  five  shots ;  this  has  been  done 
repeatedly. 
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Mr.  Porter,  foreman  of  the  loading-room  at  this  arsenal,  has  been  in- 
defatigable in  his  efforts  to  make  this  cartridge  a  success,  and  I  am  much 
indebted  to  him  for  many  valuable  suggestions. 
Very  respectftilly,  your  obedient  servant, 

B.  M.  WRIGHT. 

Captain  of  Vrdnamoe, 


PLiTB  L 


TARGET  no.  I. 


16  feet  square,    Distanoe  200  yards, 

BOO  Buckshot  Cartridges. 

600  Bullets, 

407  HUs. 

Stiff  breeze  from  Left  to  Bight,  across  Line  of  Fire. 
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FIRIIG  RECORD 


F^m  OtxrJ^ine, 

j^roin  Rifle, 

Jih^oT/S^MoU. 

CActrg^. 

mu 

j«Kors?tou 

€9utrye. 

JlUa. 

25 

2S 

25 

4f-5  errs. 

e/ 

26. 

26 

. .  .A6grrs. . . 
...SO 

e^. 

.  ..SO 

...A-if 

-  ./»7 

....  50.^.... 

J^T... 

....S5.  „.  .. 

^/ 

^^ 

...SO 

25 

.65. ...... 

26 

....eo..„.... 

25 

-    .6Q..„.... 

....  /OO 

...202 

.../OO. 

.  205 

7*he  IvHrica-n^  ir^^Aeire  car/ru£gne*,  tvAieA  nerc  ZoucCed  hyTuxnd, 
neca  in  ike  iniej^iiee^  ieiivee7%  iAe  SulleSa.  The  'hu.ZleS^  trere  o/ jozctc 
i«€uiZ  ctnct rrere  iho*e  maete  /<i>r  6/ie  QuZZin^  ccem'^ierf  caZ.  /  inoA. 

T^Ai-a  ZceryeZ  ^Ao^TiS  Zhe  fS-uperiori^y  a/'  Z/ie  Atr^y  ^ive  yruin  cAceryc 
cU  200  yarela,  as  /olZons : 

CAuTye  '^Syrain^. .... SOjSAo/s /2S JfUs. 

'  -  •  -  OV  ....^... O  O'  •■  •  y\ ^'f-  **»»•■• 

....  I^<7  .  ...^s. ......  O0..,y^ ^9 .  .     y\  •  •  • 

....SO.....yy 50.. ..y, //O...   „..    . 


11  • 


■f1 


JZ  ura^  ihe  ^ucces,r  *Yi/A  /A  is  lorr  cAccryc  ihcci  suyyesiecdo  /ne 
dhe pruciica6itiJy  o/'xtsirtgr  iAa  sctTne  oariridye  in  iAe  -ret/oZtfen 
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PLATE  II. 


TftRGETRO.l 


Fifteen  feet  square.    Distance  200  yards. 

Three  hundred  and  twenty  Buckshot  Cartridges, 

Mne  hundred  and  sixty  Bullets, 

Seven  hundred  and  sixty-two  Hits. 

TojdeternUne  best  Charge,  Bullet  and  method  of  tubrioat- 

ing.    Cartridges  loaded  on  Loading  Ma^jhine. 
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FIRING   RECORD.       (aU  from  Bifieurith fixed  rest.) 
%Mfi  /f  CAar^  /fSgrrs.  XecuHulle/sJtclricetn^  hel  lae/irra  4f<^i5^o/^.  /O/JfU^. 


■,.2.. 

•'■  »» 
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„  ....^/S.  ^..Zeccd  grHrv „ .^O...-,^ Sy. 
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So.,  y, ..  Leced ^utle^^.  . „ ^O. 
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7%e  /outings  o/ear/t  J^OsAo/e  wtx^  a^  follows  ; 

Jfa  /,    /O^atns. *J/a  S,   Sgrrain^. 

•  •  ft  -*^»  ■  '  '  •     ---»» -.,....^./,  -^7...f»...- 
/ead  huZ?e^  dipped^  t¥ce>T  selec^ed^  etll  ihingfc  conaide-red,  ce&  Ihe  Jbe^L 

7/  rras  found  /Aa/  jyAen  tAe  tubrieecTti  rrets  I^e/neert  She  AulleSs  U  nrould 
%f/ecA  io  /A em,  refetrdingr  iAeir  flig^AS,  and  causing  ifteecctcr'acy. 
tAfarty  piece^s  o/SAe  luiricunS  wej^  /bund  ort  and nettT  SAe  iuryeS. 


Appwdiz  W.— Btpoct  of  tlia  Chitf  of  Oidaanot^  1879. 


PLATE  II. 


TftRGETRO.l 


Fifteen  feet  square.    Distance  200  yards. 

Three  hundred  and  twenty  Buckshot  Cartridges. 

Mne  hundred  and  sixty  Bullets. 

Seven  hundred  and  sixty-two  Hits. 

Tojdetermine  best  Charge,  Bullet  and  method  of  tubricat- 

ing.    Cartridges  loaded  on  Loading  Ma^jhine. 
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FIRING   RECORD.       (AU  from  BiflewUh fixed  rest.) 
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The  fi}t/?ing^  o/'cffch  ^  O  sAo/e  wct<s  a^  foltoprs : 

Jfa.  /,    /O^T-ains. Jfo.  S,   Strains, 
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»A^  S  %/JrrfmunUiony  Ihct^  w",   oharye  o/*  /or/y/tt^e  /^S)  g^rttins  and 
/eud  ht*l7e^  dipped,  t^ras  selected t  etll  ihing^s  conaideredfCt'9  ike Ite^. 

7/  iva<s  found  /Ad/  n^Aen  ^Ae  tubriectrti  nUff  fie/neert  SAe  iuZlei^  U  fr»u2d 
^/icA  ^  /Aefn,  re^rtrdirtgr  ikeir  f/tgrA/,  and  cuu^in^  inccceuracy: 
%Afarttf  pieces  o/iAe  luhricund  wer^  /bund  on  and -near  i^AeSaryeL 
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PLATE  III. 


TftRGETRO.S. 

Fifteen  ftet  square.    Distance,  200  yards. 
Three  hundred  Buckshot  Cartridges. 
Charge  j^  grains. 
Three  lead  Bullets,     Weight  of  each,  1S3  grains- 
Six  hundred  and  twenty-four  Hits, 
Bullets  dipped  in  Japan  wax. 
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FIRING  RECORD. 


AH  fired  from  Rifle  with  fixed  rest. 

Distance  BOO  yards. 

Three  hundred  Shots, 

Mne  hundred  Bullets, 

Six  hundred  and  twenty-four  Hits, 

Fouling  from  1st  100  shots       -       -       -       -    7  grains 

'*  **    Sd     **       " 6 

Appiodiz  W.— fiaport  of  tbt  Chnf  of  OidaMioa.  1879. 
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PLATE  IV. 


TkR6ETR0.4. 

fifteen  feet  square.    Distance  tOO  yards. 

Springfield  Bifie,   Col-  .^, 

Buehshot  cartridge f  J^O  grains. 

One  hundred  shots.    Two  hundred  and  flfty-eight  Hits, 

FouUng,  7  grains. 
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Apptndiz  W.— Raport  of  tht  Okuf  of  OrdBtiio*,  1879. 


PLATB  VI. 
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Appendix  W.-~B«port  of  tii*  Chkf  of  Ordauiot.  1879. 


PLATE  VII. 


TIR6ETR0.7. 

DUtanee,  BOO  yards. 

Caliber. SOEifie. 

tOShats^    StHUs. 

Buekahat  Cartridge. 

Charge^  SOgraitis  Sendee  Powder. 

8  BuUeU.    Weight  of  each,  176  grains. 

Target,  15  feet  square 

BuUets  of  lead,  16,  Tin,  1. 

Move  also  tried  BuUets  of  lead  10 parts;  IYi»,  1  part. 


« 

• 

i 

m 

• 

• 
• 

• 

• 

• 

■■    w 

• 

• 
• 

• 
• 

• 

• 

< 

• 

• 

• 
• 
• 

■ 

• 

• 
• 

« 

• 

.• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

( 

1 

• 

• 

• 

• 

A  ApfMndiz  W.-  Bqmt  of  th«  Chief  of  OrdiiMo*,  1879. 


PLATE  Vlir. 
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Appudiz  W.-.B«po(t  of  Um  C!hMf  of  Onlii*iu»,  1870. 


PLATB  IX. 


\ 


T1R6ETR0.9. 

I>istanoe,  100  jforda. 

Twelve  feet  square. 
Service  CoWs  Revolver, 
Service  ammufUHon.  * 
Fired  from  fixed  rest. 
Point  sighted  4.  feet  above  centre. 
Twenty  shots.    Twenty  hits. 
Shot  marked  "A"  on  Target  was  from  d  defective  charge, 
or  the  Bullet  tumbled    Target  looked  as  if  the  Bidlet 
had  struck  "side  on" 
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W.— Bqwii  oT  «h«  Ohwf  oT  OrdMaea.  1879. 


FLATS  X 


TARGET  RO.IO. 

It  feet  square, 

JXsianee,  100  yards. 

Buehahot  Revolver, 

Buckshot  Cartridges.  Charge^  j^O  grains. 

S  BuUets.     Weight  of  each,  13S  grains. 

F%red  from  fixed  Rest. 

Point  sighted  ^  feet  above  Center. 

to  Shots.    60  Bullets.    60  Hits. 
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Appendix  W.— B«port  of  Uw  OWrf  of  OrdnaiiM.  1879. 


PLATE  XI. 


TlR6ETR0.il. 

IB  feet  square. 

Distance,  100  yards. 

Buckshot  Revoloer, 

Buckshot  Cartridges,    Charge  ^5  grains. 

H  Bullets,     Weight  of  each,  133  grains. 

Fired  from  fixed  Rest, 

Point  sighted  4  f^et  above  centre- 

to  Shots.    60  Bullets,    69  Hits, 
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▲ppmdiz  W.— B«port  of  th«  Chief  of  OrdunM.  1879. 


PLATE  XII. 


T1R6ETR0.I2. 

IB  feet  sgiuire. 

Distance,  150  yards. 

Service  Revolver — CoWs, 

Service  AmmunMon, 

Fired  from  fixed  Best, 

Point  sighted  two  feet  above  top  and  centre  of  Target 

M'O  Shots,    4,0  Hits, 


Point  sighted. 
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Appradix  W.— B«poii  of  Um  Qhief  of  Ordiuno*.  1879. 


PLATE  Xni. 


TARGET  RD.  13. 

It  feet  square. 

Distance,  160  yards. 

Bueikshat  Revolver. 

BueksJiot  Cartridges.  Cha^e,  S6  grains* 

Bullets  10  parts  Lead  and  1  part  Tin. 

Point  sighted  four  feet  above  top  and-eenter  of  Target. 

to  Shots.    49  Hits. 


"^m" 


Point  sighted. 
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AppMdiz  W.— Biport  ef  «h«  Ohkf  if  OidauM.  VM. 


FLATS  Xiy. 


TARGET  RO.  14. 

« 

12  feet  square, 

JDUtatiee,  ISO  j/ards. 

Buckshot  Revolver, 

Buckshot  Cartridges,    Charge  SS  grains. 

Bullets  16  parts  Lead  and  Ipart  Tin, 

Point  sighted  ^  feet  abope  top  and  center  of  Target, 

to  Shots,    57  Hits. 


Point  sighted. 
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Appoidu  W.— Bflpott  of  tlM  OUif  cf  Orduam.  1879. 
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flauxv. 


T1R6ETR0.I6. 

1£  feet  square- 

Distance,  160  yards. 

Buckshot  Revolver, 

Buckshot  cartridges,  ^0  grains. 

3  Bullets,  .  Weight  of  each,  133  grains. 

Fired  from  fixed  Best, 

Point  sighted  B  feet  above  top  and  oenter  of  Target. 

20  Shots.    68  Hits, 


v^ 


Point  sighted. 
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Appndix  W.~B«iwii  ef  tfaa  Qhkf  ef  OrdoMMt^  1879. 


FLATS  XVL 


TARGET  RO.  16. 

It  feet  square, 

DisUmoe,  160  yards, 

Buehshat  Eevolver, 

Buehshot  Cartridges,    ^grains, 

S  Bullets,     Weight  of  eaeh,  ISSgrtUns. 

Fired  from  fixed  Rest, 

Point  sighted  top  and  center, 

4,0  Shots.    88  Hits, 

Finding  the  shots  clustering  low,  Itooh  another  Target 

with  the  same  aim  as  for  the  seruiee. 
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Affmdax  W.— Baport  of  Um  CU«r  of  OrdnanM.  1879. 


FLATB  XVII. 


TARGET  10. 17. 

It  feet  aquttre. 

Diatanee,  160  yards, 

Buehshct  Revolver. 

Buckshot  Cctrtridges,     j^  grains, 

S  BuUets.     Weight  of  each,  ISS  grains. 

Fired  from  fixed  Best, 

Point  sighted  2  feet  above  top  and  center  of  Target, 

40  Shots.    96  Hits. 


Point  sighted. 
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W.— Biport  of  tkt  Ohiif  of  (Muhim,  1879, 


PLATE  XVIIL 


TlRGETIO.lt. 

It  feet  square. 

Distance^  150  yards, 

Buckahat  Reooloer, 

Buckshot  Cartridges.    4.O  grains. 

S  BuUfts,     Weight  of  each,  133  grains. 

Fired  from  fixed  Rest, 

Point  sighted  t  feet  above  top  and  center  of  Target, 

j^O  ShUs,    9B  Hits. 


Point  sighted. 


• 

1 

r — 

r             1 

r     -■  ■ 

..  



1 

1 

f 

1 

1                 1 

1                 1 

1 

1                 1 

• 

• 

1  1 

• 

• 

\ 

• 

• 

» 

1 

• 

• 

•            < 

1 

• 

• 

/<■ 

>) 

• 
• 

•     • 

• 

• 

• 

>• 

• 

•     • 
\ 

• 

• 

f 
• 

• 

• 

• 

:.•: 

1 

« 

• 

• 

• 

• 

— 1 

1 

•    1 

•    I  • 

• 

•   •   • 

• 
• 

< 

• 
• 

•• 

• 
• 

r 

• 
• 

• 

» 

• 



• 

ApfNodiz  W.— Bdpovt  of  Um  Ohiaf  of  OrdoMOt.  1879. 
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[First  indoTsemeDt.] 

Ordnance  Office,  War  Department, 

Wcishingtony  June  19,  1878. 

Eespectfully  referred  to  the  commanding  officer  of  National  Armory 
for  report. 
The  pistol  and  cartridges  ha^e  this  day  been  sent  by  express. 
By  order  of  the  Chief  of  Ordnance. 

S.  0.  LYFORD, 
Major  of  Ordnance. 

[ Second  indorsement.  ] 

National  Armory,  August  13,  1878. 

Respectfully  returned  to  the  Chief  of  Ordnance. 

The  efforts  that  have  been  made,  heretofore,  to  render  the  rifle  more 
effective  by  substituting  multiple  or  buck  shot  for  a  single  projectile,  for 
short  distances,  have  not  been  successful.  The  "  Shaler  sectional  bullet^^ 
tried  during  the  late  war,  in  the  rifle-musket,  was  of  this  class,  but  did 
not  meet  with  favor  when  tried  in  the  field.  I  am  not  prepared  to  say 
that  Captain  Wright's  cartridge  containing  three  round  balls  may  not 
under  certain  circumstances  be  effective,  and  if  there  is  any  way  in 
which  they  can  be  tested  in  service  for  the  rifle  and  carbine,  I  would 
recommend  that  a  number  be  issued  for  this  purpose. 

The  changes  proposed,  of  increasing  the  weight  of  the  revolver  and  re- 
ducing the  number  of  chambers  in  the  cylinder  to  enable  it  to  carry  the 
sauie  cartridge  as  the  rifle  and  carbide,  seem  to  me  objectionable  and 
not  warranted  by  the  good  to  be  obtained.  The  revolver  being  intended 
for  hand-to-hand  combat,  shoulc^,  in  my  opinion,  not  have  long  range 
unless  this  can  be  obtained  without  sacrificing  lightness,  and  without 
reducing  its  number  of  charges. 

The  pistol  and  unexpended  cartridges  wiU  be  returned  to  the  Ord- 
nance Office  by  express  to  day. 

J.  G.  BENTON, 
Lieutenant-Colonel  Ordnance^  Commanding, 

[Third  in'doTsement.] 

Ordnance  Office,  War  Department, 

Washingtonj  August  15, 1878. 

Eespectfully  returned  to  the  commanding  officer  of  Frankford  Arsenal, 
who  will  manufacture  ten  thousand  (10,000)  of  tfiese  cartridges  for  rifle 
and  carbine,  and  issue  them  to  the  commanding  officer  of  San  Antonio 
Arsenal,  with  explanations,  &c.,  reporting  the  issue  to  this  office. 
The  revolver  is  returned  by  express. 
By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYFOED, 
Major  of  Ordnance,, 

[Foortli  indorsement.] 

Frankford  Arsenal.,  Pa.,  September  9, 187S. 

Eespectfully  returned  to  the  Chief  of  Ordnance,  United  States  Army. 
Ten  tbousand  multibaU  cartridges,  caliber  .45,  have  this  day  been 
issued  to  the  commanding  officer  San  Antonio  Arsenal. 
Attached  hereto  is  a  sample  of  the  label  put  on  each  box  of  twenty. 
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Oaptain  Wright  requests  that  a  portion  of  these  cartridges  be  expended 
in  target  practice  in  addition  to  the  regular  allowance  so  as  to  allow  the 
men  to  become  familiar  witii  their  use. 

JAS.  M.  WHITTEMOEE, 
Major  of  Ordncmee^  Commanding. 

Each  cartridge  contains  three  round  bullets ;  these  cartridges  are  intended  for  9hart 
range  up  to  3CS  yards ;  they  are  most  efifective  at  fix>m  one  to  two  hundred  yaxda, 
using  the  ordinary  sights  of  rifle  or  carbine. 


20 
MULTIBALL  CARTRIDGES, 

FOR 

SPRINQFIELD  RIFLE  AND  CARBINE,  . 

Cal.  .45. 
Charge  of  Powder,  45  Grains.    3  Round  Bullets ;  Weight  of  each,  133  Grs. 

Frankford  Arsenal,  Sept.,  1878. 


[Fifth  indorsement.] 

Ordnance  Office,  War  Department, 

Washington^  September  12, 1878. 

Kespectf  ally  referred  to  the  commanding  officer  of  San  Antonio  Arsenal 
for  his  information,  and  with  request  for  his  recommendation  how  these 
cartridges  shonld  be  issued  and  used  to  insure  the  most  reliable  reports 
as  to  their  efficiency, -Ac. 

8.  C.  LYPORD, 
Acting  Chief  of  Ordnamoe. 

[Sixth  indoiaement.] 

San  Antonio  Arsenal,  October  25, 1878. 

Respectfully  returned  to  the  Chief  of  Ordnance*  United  States  Army. 

The  10,000  multiball  cartridges,  caliber  .45,  reierred  to  in  the  third 
and  fourth  indorsements,  were  received  on  tiie  7th  instant.  For  the 
purpose  of  obtaining  reports  on  their  efficiency  and  the  advisability  of 
further  manufacture  fot  issue,  I  would  recommend  their  issue  in  equal 
numbers  to  the  regimental  commanders  of  the  four  infantry  and  three 
cavaliy  regiments  in  the  Department  of  Texas,  instructions  being  given 
for  their  expenditure  in  target  practice  at  such  ranges  and  under  such 
circumstances  as  the  officers  to  whom  they  are  issued  may  deem  most 
suitable. 

CLIFTON  COMLY, 
Captain  of  Ordnance j  Commanding, 

[Seventh  indorsement.] 

Ordnance  Office,  War  Department, 

Washington^  November  1, 1878. 

Bespectfully  returned  to  the  commanding  officer  of  San  Antonio 
Arsenal. 


BEPORT   OF  THE   CHIEF   OF   ORDKAKOE,  341 

Approved. 
By  order  of  the  Ohief  of  Ordnance 

8.  0.  LYPORD, 
Major  of  Ordnance, 

[Eighth  indorsement.] 

San  Antonio  Arsenai., 

Mvember  16, 1878. 

Bespectftilly  returned  to  the  Chief  of  Ordnance,  United  States  Army. 

The  cartridges  will  be  issued  on  Monday  next,  the  18th  instant^  in 
accordance  with  the  approved  recommendation  of  the  sixth  indorsement. 
To  the  officers  there  mentioned  I  have  added  the  commanding  officer  of 
the  artillery  battalion  serving  at  San  Antonio,  and  the  commanding  officer 
of  the  Catling  battery  at  Fort  Clark,  feeling  confident  that  these  ad- 
ditions will  meet  with  the  approval  of  the  department.  Attention  is 
respectfully  invited  to  circular  letter  No.  7,  current  series,  from  Head- 
quarters Department  of  Texas,  herewith  inclosed.  One  thousand  of  the 
cartridges  received  wiU  be  retained  here  for  such  further  trial  as  the 
reports  to  be  received  will  probably  require. 

If  practicable  I  should  like  to  have  sent  me  the  altered  revolver  to 
which  Captain  Wright  refers  in  his  report.  The  increased  weight,  as 
given,  is  but  little,  and  while  I  agree  with  Colonel  Benton  as  to  long 
range  not  being  specially  desirable  in  the  revolver,  a  weapon  intended 
for  hand-to-hand  conflict,  I  am  inclined  to  believe  that  the  loss  of  one 
charge  in  the  cylinder,  other  things  being  equal,  may  be  more  than  com- 
pensated for  by  the  advantage  of  the  additional  number  of  projectiles 
given  by  the  multiball  cartridge,  the  chief  feature  of  which,  as  claimed, 
is  increased  efficiency  at  short  ranges. 

CLIFTON  COMLY, 
Captain  of  Ordnance,  Commanding. 

report  on  multiball  cartridges  for  service  revolvers, 
by  e.  m.  wright,  captain  of  ordnance,  u.  8.  a. 

(I^ine  plates.) 

Frankford  Arsenal,  Pa.,  December  13, 1878. 

Sir:  I  had  the. honor  several  months  ago  to  submit  a  report  on  a 
Oolt's  revolver  so  altered  as  to  use  the  same  multiball  cartridge  as  the 
rifle  and  carbine. 

The  great  object  in  changing  the  revolver  was  to  obtain  a  cartridge 
far  short  range  that  would  be  interchangeable  in  all  email-arms  and  nui- 
chine  guns;  however,  as  this  change  would  cause  considerable  outlay,  I 
have  since  adapted  the  cartridge  to  the  service  revolvers,  with  a  very 
trifling  alteration,  and  I  now  submit  the  following  report  of  what  has 
been  accomplished  in  this  direction. 

As  the  chamber  of  the  service  Colt  is  longer  than  that  of  the  Smith 
and  Wesson,  I  have  made  a  cartridge  which  can  be  used  in  either,  and 
another  which  can  only  be  used  in  the  Colt. 

The  former  contains  two  and  the  latter  three  balls.  I  will,  therefore, 
designate  them  two  and  three  ball  cartridges. 

With  the  two-ball  cartridges  no  change  whatever  wiU  have  to  be  made 
in  the  present  service  Coifs  revolver. 

This  cartridge,  however,  does  not  develop  the  fhU  power  of  the 
weapon,  and  the  alterations  required  to  adapt  it  to  the  three-ball  cart- 
ridge are  very  trifling. 
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The  chambers  of  both  revolvers  are  now  choked  at  the  forward  end 
in  order  to  prevent  the  bullets  of  unftred  cartridges,  especially  the  un- 

crimped  ones^  from  advancing  when 


No.  1. 


No.  2. 
A 


I 

I 


I 
I 


the  revolver  is  fired  (see  Fig.  1),  pre- 
venting the  rotation  of  the  chamber, 
and  also  to  prevent  escape  of  gas  at 
the  joint  of  chamber  and  barrel. 

By  reaming  out  the  chamber  a  little 
more,  still  leaving  sufficient  choke  to 
prevent  any  escape  of  gas  (see  Fig.  2), 
the  Colt  will  readily  take  a  three-ball 
cartridge  containing  sufficient  powder 
to  render  it  a  very  effective  weapon 
even  beyond  100  yards. 
DrawuigB  exaggerated  to  show  choke  of      Th©  chamber  of  the  Smith  and  Wes- 

chamber.  SOU  IS  entirely  too  short  for  a  three* 

ball  cartridge. 

Having  found  by  experiments  with  the  multiball  cartridge  that  the 
front  bullet  is  the  most  accurate  of  the  three,  I  have,  for  the  purpose  of 
spreading  the  other  bullets  at  short  range,  from  the  revolver,  reduced 
them  in  diameter  slightly,  so  that  while  they  take  the  rifling,  their  sta- 
bility of  rotation  is  less  and  they  spread  more. 

In  this  report  will  be  found  targets,  &c.,  at  different  distances  with 
the  following  cartridges : 

No.  1.  Three  ball,  bullets  of  same  size,  20  grains  rifle  powder. 

No.  2.  Three  ball,  bullets  of  same  size,  22  grains  Dupont  powder. 

No.  3.  Three  ball,  two  rear  bullets  smaller  than  front  one,  25  grains 
rifle  powder. 

No.  4.  Two  ball,  bullets  of  same  size,  25  grains  rifle  powder.. 

No.  5.  Two  ball,  rear  bullets  smaller  than  front  one,  25  grains  lifle 
powder. 

The  amount  of  "spread''  of  the  different  bullets  can  be  controlled 
readily,  by  varying  the  four  variables  in  the  cartridges,  L  €.,  the  amount 
and  kind  of  powder,  and  the  size  and  hardness  of  the  bullets  used,  the 
front  one  in  all  cases  going  straight  to  the  mark. 

I  have  used  in  part  of  my  experiments  an  old  rifle  powder  made  many 
years  ago,  and  of  which  we  have  on  hand  at  this  arsenal  45  barrels. 

This  powder  gives  with  the  rifle-cartridge  a  velocity  of  1,390  feet 
The  Du  Pont  powder  used  in  No.  2  cartridge  is  service  musket,  giving  a 
velocity  of  1,375  feet. 

The  bullets  used  were  made  of  the  usual  bullet  metal,  i.  e.,  lead  16, 
tinl. 

Any  of  these  cartridges  can  be  readily  made  with  the  present  ma- 
chinery. 

Their  penetration  is  sufficient,  and  the  recoil  about  the  same  as  with 
the  service  cartridge. 

The  Colt's  with  the  "  three-ball''  cartridge  would  be  considerably  more 
than  twice  as  effective  a  weapon  as  at  present,  and  the  Smith  &  Wes- 
son with  a  "  two-ball "  cartridge  would  be  vastly  improved. 

Sample  cartridges  accompany  this  report  The  following  is  the  rec- 
ord: 

Colt's  revolver:  ammunition  No.  1,  23  pounds;  No.  2,  27  pounds;  No. 
3,  24  pounds. 
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Service  ammanitioiiy  both  revolvers,  21  pounds ;   Smith  &  Wesson 
revolver,  Nos.  1  and  2,  21  pounds. 

Penetrationj  in  pine  hoards. 

Distance,  26  yards ;  No.  1,  If  inches  5  No.  2,  1 J  inches ;  No.  3, 1 J 
inches;  No.  4, 1}  inches j  No.  5, 1^  inches. 

Distance,  100  yards;  No.  1, 1^  inches ;  No.  2, 1^  inches ;  No.  3,  f  inch ; 
1^0.  4,  U  inches;  No.  5,  J  inch. 

I  would  respectfully  request  an  authoritative  comi)etitive  trial  of  all 
the  revolvers  for  multiball  cartridges,  with  their  diflferent  ammunitions. 
and  would  suggest  ttiat  the  improvised  fixed  rest  now  at  this  arsenal 
could  be  sent  anywhere  for  the  purpose  of  the  trial. 
Very  respectfully,  your  obedient  servant, 

E.  M.  WEIGHT, 
Captain  of  Ordna/nce. 
The  Chief  op  Ordnance,  U.  8.  A., 

Washington^  D,  (7. 
(Through  the  commanding  officer.) 

[IndoTsement.] 

Fbanefobd  Absenal,  December  16, 1878. 

Eespectfolly  forwarded  to  the  Chief  of  Ordnance,  XJ.  S.  A. 
From  actual  firing  I  am  satisfied  as  to  the  efficiency  of  the  three-ball 
cartridge  for  the  Colt's  revolver  at  short  ranges  with  a  charge  of  20 
grains  of  powder.    The  alteration  in  the  choke  of  the  chamber  seemed 
to  do  no  harm.    I  concur  with  Captain  Wright  in  his  request 

JAS.  M.  WHITTEMOEB, 
Major  of  Ordnance^  Oomma/nding. 
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sN6.2.         J>fo.3.        Jfo.^.  JVb.S. 


^ 

*4 

•  • 

• 

f0.^oi^30hii*.  /O^  29k    /O^.  20k     fOa.  BOk, 


J>eeiec. 

yfkere  Jkuileh  ctre  a^di//er€7U  ^fixe^, 


▲ppndix  W.— Biport  of  tb*  GBiMr  of  OrdaMMt,  1879. 


FLATS  XX. 


TIR6ET 

1$  feet  sguarei 
Distance,  60  yards. 

Ammunition,  Jfat 
/OShoU,    SOBuUeta,     30  Hits, 


• 

•l 

• 

•  # 

\  _ 

.1 

:rf 

U 

^ 

• 

TIR6ET 

It  feet  square, 
Distanee,   SO  yards. 

Amniunition.  Jfa2. 
fO  Shots,    30  Bullets,    SOHUs, 


•  , 

t'.* 

• 

•  •: 

y* 

< 

>• 

•^ 

\ 

• 

'^Foini  sig?Uedf  center  of  Target. 

W.— Baport  of  Mm  (Ma  of  OidaaMM.  18T9. 


FLATS  XXI. 


TftRGET 

12  feet  square. 
Distance,   60  yards. 

xMrnmurtiHon  Jfo,  3. 

/O  Shots.      SOBuUets.    ZJHUs. 


' 

• 

• 

« 

1> 

•  < 

1 

• 

tl 

f 

• 

• 

i 

•  FrorU  hiltei. 


TftRGET 

It  feet  square. 
Distiuioe,   60  yards. 

/OShats^     20BuUets.    /^HUs. 


« 



• 

• 

« 

• 

• 

V 

>• 

• 

•■^ 

9 

• 

r- 

o 

i\ 



1 

^FwnJt  sighted,  center  of  Target. 

Appoidts  W.— lUporl  or  Ite  Obki  oT 


18TB. 


PLATK  XXII. 


TftRGET 

12  feet  square, 
DUUuiee,  60  yards. 


/O  Shots. 

20  Bullets. 

20  Bits. 

ft. 

i 

• 

A 

• 

'V 

•< 

V  1 

6 

• 

• 

o 

« 

t 

•  Hear  bullei^. 


TftRGET 

12  feet  square. 
ZHstanee,   7^y(»rds, 


/O  Shots. 

dOBuUeU. 

aoHUs. 

■ 

/ 

^ 

% 

1 

• 

< 

* 

( 

\ 

i 

»•          1 

o 

'.J 

• 

• 

• 

.•* 

« 

o 

o 

• 

f 
• 

B 

-0^  Point  sighted. 


Appoidts  W.— lUporl  or  IIm 


of  Oidauot.  urn- 


FLATS  XZOL 


TIRfiET 

12  feet  square. 
Distance,  7^  yards, 

/OShoU,       30  Bullets.        30  Bits. 


/ 

• 

• 

• 

» 

y] 

• 

• 

• 

• 

r  ■ 

• 

{ 

f 

• 

• 

« 

• 

j 

TARGET 

12  feet  sqiuire. 
Distance,   yS  yards. 

s^m  TntATt  iiioTi  *A^  3. 

/O  Shots.        30  Bullets.      2&  Hits. 


m^^^^mm     ^^■^^^^^^^^^^_^.^^_^|^^n^^Mp^^iH^iH     ^_^^^HH     ^^HI^^MI     ^^^^B^     ^^^^^^     ^^^^^^     ^^^^^B 

™    ■  ^^^—     i      ■       ■     ■     ■■  I  ■  ■■     — —     II        ■    I      ■     ■     1^^— -i^     ^■■MIM.     ^»—       -     ■     ■»  ■■        ■     ■ 

»  ^       ■    I     I    »■»!■     I    ■     l*^^-^^     l^^B^^     ^_^^^     ^^MB^BM     B^^^B^     M^B^i^HI     i^^^M-M     RB^BBMM     BMMV*^     »•  •  I 

, -• — ♦— y ' 

^_^, 

\. 

I  • 

___]___ fi ■ 

I  •  o 

1 1 J 

I 

-J 

^^^_  ^^^  B^^B  ^^^  ^^^  ^^^  BH^K^^^^^^  BH^^I^H^^MbJ 


■0^  FoiM  sighted. 


•  Jitetr  hulte^^. 
Appradix  W.— Report  «r  Um  (%Mf  of  OrdnMOt,  1879. 


PLATE  I3nv. 


TftRGET 

It  feet  square. 
Distance,    7S  yards. 

/O  ShUs.       20  Bullets.       20  Bits. 


i 

^ 

\ 

9 

• 

• 

.-.: 

( 

> 
• 

• 

• 

• 

1 

TftRGET 

12  feet  square- 
Distance,   75  yards, 

%A7n7nuniii07V  J\/a  S, 

/O  Shots.       20  Bullets.      20  Hits. 


1 

—  ■  I     P"  ■■     ■      ■     ■■  !■       1^  I  ■■■     »■         l»        ■     ■■■■    I     ■  — ^^H—     11  ■     ■     '    —         -     ■        «^^— 

'■     I  ■        — ^B^—   ■  »■    —  Ml    iMa^Bi^    B^^^^    ■MM«^~a   tik-l^^tiqB   waa^^iv   ^^^m^m^    ■  i 

(> 1 

^ — ^~v-i 

II B 

r • •-* 

O 

O 

O 


-^  Point  sighted. 


•  FronfhutUi 

•  Jlear  hulle/<s. 

AppMdix  W.— lUport  of  tbt  Ohiaf  of  (Mbmim.  1870. 


FLATB  XXV. 


TftRGET 

12  feet  square. 
Distance,  100  yards, 

/O  Shots,      t30  Bullets.      26  Bits. 


i 

^ 

• 

\ 

1 

• 

• 

( 

1 

• 

• 

f 

• 

m 

• 

• 

• 

• 

• 

• 

• 
• 

•V 

• 

• 

m 

• 

TARGET 

12  feet  square. 
Distance,  100  ycurds. 

x^mmuniiion,  %/fb-2. 
/O  Shots,      30  Bullets,     2SHits, 


• 

/ 

\ 

• 

ft 

■  -^ 

• 

• 

1 

» 

• 

» 

• 

• 

• 

m 

• 

!• 

• 

• 

• 

1 

\ 

• 

4 

i 

h 

-0-  Point  sighted. 


Apfwndix  W.— Bapoii  of  Um  Gfakr  of  OrdaMiN,  1079. 


PLATE  XXVI. 


TftRfiET 

12  feet  square. 
Distance,  100  yards. 

/OShoU.       dOBuUeis        2UEUs, 


o 

- 

o 

•• 

• 

« 
• 

i 

\ 

•  % 

^ 

\ 

9 

• 

o 

o 
1 

e 

o 

• 

o 

• 

• 

• 

o 

•  IVoni  huZtef. 

•  TiearhuZiei^ 

TftRGET 

Distanee,  100  yards. 
Twelve  feet  square, 

x^mmuniiioTt  %/^o.  A-. 

/O  Shots.      20  Bullets,        lOHvU. 


-r 

*  i 

^ 

'  \ 

/ 

• 

• 

o 
• 

« 

o 

• 

t 

• 

o 

p 
• 

• 

-^  Point  sighted. 


Afpttdix  W^IUporl  or  tb«  Ohttf  oT  OndsMMM. 


iffrg. 


J 


FULTB  XXYII. 


• 

TftRGET 

Distance,  100  yurds. 
/OShoU       30BiaUts         /7Hiis. 

• 

« 

/ 

\ 

y 

« 

1 

• 

f 

< 

o 

• 

• 

o 
o 

• 

m 



o 

1 

•  « 

1 



» 

• 

_    — 

^ Point  sighted, 

AppMfiz  W.— Bipott  or  Ibi  Ghk 

r  of  (Mmm*.  187V. 
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[IndoraementB.] 

Obdnanoe  Office,  Was,  Dbpabtment, 

WasMngtanj  December  19, 1878. 

Bespectfully  referred  to  the  comiaanding  officer  of  the  National  Ar- 
mory for  report,  ^d  with  directions  to  call  upon  the  commanding  officer 
of  Frankford  Arsenal  for  sach  cartridges  as  he  may  need. 
By  order  of  the  Ohief  of  Ordnance. 

8.  0.  LTFORD, 
Major  of  Ordnance. 

National  Abmobt,  June  5,  1879. 

Bespectfnlly  retomed  to  the  Ohief  of  Ordnance  with  the  report  of 
Captain  Greer,  Ordnance  Department,  herewith  inclosed. 

J.  G.  BENTON, 
Lieutenant'Oolonelj  Commanding. 


National  Abmoby, 
Springfield^  Maas.^  June  4, 1879. 

Sib:  In  accordance  with  yonr  instmctions,  I  have  the  honor  to  sab 
mit  tiie  following  report  on  the  moltibaU  cartridges  for  Ajrmy  revolvers, 
devised  by  Captain  Wright,  Ordnance  Department : 

These  cartridges  were  tested  for  initial  velocity,  recoil,  power — as 
shown  by  penetration  in  white  pine — accuracy,  ana  dispersion  of  fire. 
The  velocities,  it  will  be  seen,  are  somewhat  lower  than  that  of  the  serv- 
ice cartridge,  but  the  weight  of  lead  thrown  is  so  much  greater  than 
in  the  service  as  to  give  with  Nos.  2  and  3  an  unpleasant  shock  to  the 
hand  and  arm. 

In  power  there  is  a  decided  lack  as  compared  with  the  service  cartridge, 
Nos.  2  and  3  giving  but  one  inch  and  4  and  5  two  inches  i>enetrationat 
25  yards.    No.  4  flails  off  to  1.25  and  No.  5  to  1.8  inches  at  50  yards. 

A  x>enetration  of  1  inch  in  white  pine  is  usually  considered  as  corre- 
sponding to  a  dangerous  wound ;  but  this  presupposes  that  the  bullet 
has  some  weight,  as,  for  example,  the  rifle  bullet  of  405  grains,  or  per- 
haps even  the  revolver  bullet  of  230  grains.  The  shock  to  the  system 
is  an  element  as  well  as  the  mere  penetoition.  The  weight  of  these 
bullets  is  from  117  to  130  grains. 

As  regards  accuracy,  two  considerations  are  involved,  viz,  uniformity 
of  dispersion  and  the  coincidence  of  the  centers  of  the  clusters  of  shot- 
holes  produced  at  each  shot  Both  these  are  necessary  in  order  always 
to  insure  the  same  effect  at  a  given  range.  The  deviations  are  given  in 
the  table,  and  the  10  centers  of  impact  of  the  30  and  20  bullets  are 
platted  in  comparison  with  10  shoto  made  with  the  service  cartridge. 
Except  at  very  short  ranges,  tiie  accuracy  cannot  be  considered  satisfac- 
tory. 

With  regard  to  dispersion  of  fire,  which  is  the  true  raison  Wetre  of 
these  cartridges,  an  inspection  of  the  tables  shows  tiiat  at  short  ranges 
there  is  none  at  aU,  the  bullet-holes  of  each  shot  nearly  coinciding.  At 
longer  ranges,  75  and  100  yards,  there  is  a  considerable  dispersion  of  balls, 
but  they  have  too  littie  power  to  do  much  execution. 

Again,  the  weight  of  the  cartridges  carried  is  to  be  considered.  The 
table  shows  an  increase  in  the  weight  of  60  cartridges  over  60  of  the 
service  of  from  2.2  ounces  in  No.  5  to  1  pound  8  ounces  in  No.  2. 
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Lastly,  the  use  of  these  cartridges  necessitates  a  slight  change  in  the 
chambers  of  every  revolver  in  the  service  unless  the  two-ball  cartridge  be 
fired  from  the  Colt,  which,  however,  was  not  intended,  as  it  was  desired 
to  utilize  its  longer  cylinder  for  the  three-ball  cartridge. 

As  a  result  of  the  tests,  it  may  be  stated  that  these  cartridges  are  infe- 
rior to  the  service,  wliich  is  lighter,  more  accurate,  and  far  more  power- 
ful, giving  a  penetration  of  2.25  inches  at  300  yards. 
Very  respectfully,  your  obedient  servant, 

JOHIir  E.  GBEEB, 
Captain  of  OrdnancCj  U.  8.  A, 
The  OoMMANDiNa  Officer, 

National  Armory. 

Velod^es  and  recoih 


Berolver. 


Colt's 


Smith  it.  Wesson. 


Weight  of  reyol- 
ver. 


16,710gT»ixui..  < 
17,207  grains..  [ 


bs 


Q 


Service 
No.  2.. 
No.  8.. 
No.  4  . . 
No.  5 . . 


I 

3 


Service  ., 
Font 

Sifle 

....do... 
....do... 


I 


Qr$. 
28 
22 
25 
25 
25 


•El 

.a 

f 


Or$. 
230 
390 
862 
260 
2i0 


e 


1 

8 
8 
2 


FetL 

730 

587.6 

663.2 

663.9 

091 


't 


fLVbt. 
tS.75 
7.22 
7.24 
2.T7 
3.55 


*  Mean  of  several  shots. 

t  Qaantity  of  motion  of  revolver  equals  that  of  projectile,  or  M  V=m«,  and 

MV*     mM     10*9* 
Qaantity  of  work  of  recoil,  or  Q~""2~='ar^^W 

230* 


700(^^<^    ^  230«X730« 


64.82 


Hence, 


16710       64.82  X  7000  X  16710 
7000 


Log.  9=2  log.  280+2  log.  730-:-log.  64.82~log.  7000— log.  16710. 
Q  :=  3.75  foot-pounds. 


WdghU  of  oartridgea. 


Number  of  cartridges. 

Service. 

No.  2. 

No.  8. 

No.  4. 

No.  5. 

60 

LbM.  Oz. 
2    13.5 

LbM.Og. 

4    4.8 

Lbt.Oe. 
4    2.2 

LbM.Oz. 
8    L5 

Xte.  Oz. 

2    15.7 
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Penetration  in  white  pine. 


Distanoe. 


Senrioe.  ,  *No.  2. 


25  yards * 


Mean 


50  yards. 


I 


Indus. 
5.75 
6u75 
5.1 
5.75 
5.1 
5.5 


I 


Inehei, 


5.40 


Mean. 


75yarda 


4 

4.75 

&25 

425 

&75 

48 


No.  8. 


Inehet. 


L25 


4  8 


L04 


Mean. 


lOOyarda 


I 


Mean, 


4 
44 

4  25 
4  75 
475 
4  25 


44 


a  75 

4  5 
3.5 
41 
41 
4 


8.99  ! 


Ko.  4.    '     No.  5. 


Inehsi. 
2 
2 
2 

L75 
1.75 
2 


1.9 


1.25 
1.25 
1.25 
L25 
1.25 
1.25 


1.25 


L25 


.04 


L25 
L25 
L25 
L25 
1.00 
1.25 


L21 


L25 

1.25 

1.25 

1 

1 

L25 


Lie 


Inches, 
2 
2 
2 

1.5 
2 
2 


1.9 


L75 
L76 
1.75 
L76 
1.75 
2 


1.79 


1.25 
1.25 
L25 
1.25 
1.25 
1.25 


1.25 


1.25 
1.25 
1.25 
L25 
L25 
1.25 


1.25 


*  Penetration  bntta  are  made  of  inch  boards  with  spaces  of  one  inch  between  boards.  While  it  la 
probable  that  the  balls  had  a  little  more  force  at  25  than  at  100  yards,  there  was  not  enough  difference 
to  oaoee  them  to  enter  the  second  board. 


Accuracy, 

25  TABD6. 


Cartridges. 

MeanhorlEon- 
tal  delation. 

Meanrertloal 
deviation. 

Mean  absolute 
deviation. 

SatvIga  .....•....«>.>•••••••............••••>.•........•_.. 

Inehee, 
1.04 
^B 
8.7 
2.05 
L5 

2.2 

46 

2.2 

2.07 

L7 

Inehee, 
2.43 

Xn.  2    

8.2 

JTo.  3   

4.3 

Xo   4     

2.91 

Jio   5  

2.4 

60  TABDS. 


Serrioe 
l^o,  2  . . 
Ko.  3  . . 
Ko.4.. 
No.  5.. 


483 
12.4 
11.2 
6.86 
7.73 
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75 


Cartridges. 

* 

Meaiihorison> 
taldeviatioiL 

Mean  vertical  Meanabeolate 

• 

Service.... 

8.08 
11 

17.5 
26.5 
13.1 

5.88 
17.4 
16. 4 
16.1 
1&5 

&64 

Ka2 

20.6 

Ko.8 

24 

No.  4 

81 

NaS 

22.7 

1 

100  TABDS. 


Service 

5.1 
19.6 
2L4 
17.5 
18.4 

2.8 
17.4 
15.7 
12.1 
14.3 

5.82 

Ko.2 

26.2 

No.  8 

2Su5 

Na4 

2L3 

Na6 

218 

Target  record  at  25  yarde. 


Cartzidgea. 

Knmber  of  ahot 

Ka2. 

Ko.8. 

Ka4. 

Na5. 

A. 

B. 

2 
2 

4 

L. 

•  •  •  • 

•  •  •  • 

i2' 

14 

14 

5 

5 

6 

9 

4 

4 

5 

7 

8 

9 

11 

10 

18 

10 

10 

10 

10 

17 

17 

17 

26 

27 

20 

13 

A. 

10 
5 
4 
7 
6 
5 
4 
5 
5 
0 
0 
4 

12 
1 
1 
5 
5 
5 
9 
8 
4 

10 
5 
4 
1 
6 

11 
6 
6 
7 

B. 

B. 

1 

2 

3 

14 

0 
6 

4 
4 
8 

«  «  •  • 

•  «  •  « 

8 
2 
8 
3 
6 
7 
14 

•  •  *  « 

•  *  •  * 

5 
1 
2 
2 

1 
1 

10 
5 
7 
8 

A. 

12 
12.5 

B. 

B. 

L. 

A. 

B. 

B. 

L. 

12 
12 
11 
12 
12 
13 
15 
17 
18 
18 
10 
20 
10 
20 
20 
19 
23 
27 

4 

6 
14 
10 
20 
20- 
20 
19 
23 
25 
27 
33 

8 
8 

7 
8 

2 

1 < 

3 

13 
11 

4 
5 

8 
5 

10  ft 

2 < 

5 

0 
&5 

4 
4.5 

5 
6 

2 

8 1 < 

3 

3 
1 

9 
9 

5 
5.5 

6 

7 

2 

4 < 

8 

*                      •        1 

9 
&5 

6 
3 

4 
2 

4 

5 , < 

5 

6 
6 

8.5 

4 

2 

2 

5 

6 < 

1 

8 
8 

7 
T 

7 
7.5 

1 
8 

.... 

8 

7 < 

3 

7 
6.6 

8 
8 

6 
6 

2 

8 < 

•  •  • . 

2 

6.5 
5 

7 
9 

2 
8 

2 

Q < 

8 

5 
5 

11 
12 

4 
0 

"o 

1 

10 < 

* 

1 
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Target  record  at  50  yarde. 


CartiidgM. 

Nnmberof  shot. 

No.  8. 

Ko.  8. 

No.  4. 

No.  5. 

A. 

8 

8 

•  ■  •  • 

17 
5 

is* 

7 

6 

17 

17 

•  •  •  • 

•  •  *  « 

11 

20 

1 

6 

4 

13 

6 

5 

14 

18 

2 

23 

17 

9 

26 

5 

1 

B. 

R. 

L. 

7 
14 
16 

8 
13 
42 

8 

7 

a  •  •  • 

14 

16 

7 

5 

7 

14 

.... 

23 
13 
16 
25 

2 
13 
17 
18 

9 
12 

2 

9 
81 

A. 
8 

•  •  •  « 

2 

2 

13 

12 

•  •  «  « 

18 
8 

•  •  •  • 

5 
10 

«  •  •  • 

•  •  •  » 

32 

0 

11 

13 

•  •  •  • 

16 
6 
5 

'22* 

1 
7 
28 
2 
6 
6 

B. 

R. 

L. 

7 
13 
24 
18 

6 
12 

•  «  •  • 

•  •  •  ■ 

10 

«  •  •  ■• 

18 

A. 

11 
9 

B. 

B. 

L. 

8 
7 

A. 

B. 

B. 

L. 

"^^ 

1 

•  *  •  • 

0 

1 J 

2 



6 

8 

2 

•  •  ■  • 

7 

1 

8 

7 

•  •  •  • 

6 

1 

•  •  •  • 

2 

8 ) 

6 

1 

1 

5 
19 

0 
8 

10 

•  •  a  • 

•  ■  «  • 

2 

7 

•  •  •  • 

5 

4 

2 

.... 

22 

5 

1 

«  »  •  • 

10 

4 

1 

6 

14 
6 

1 
2 

6 
1 

'4' 
2 

7 

•  •  •  • 

•  •  ■  ■ 

23 
24 
18 
18 
2 
6 

«  •  •  • 
•  •  «  • 

9 

10 

9 

8 

10 

15 

5 

9 

8 
17 

6 
26 

1 

fO 

6 

12 

4 

4 

0 
0 

•  •  a  • 

2 

1 

6 

•  •  •  • 

4 

7 
2 

6 
5 

5 
4 

1 

*  •  •  • 

1 

•  «  •  ■ 

6 

14 

4 

■  •  •  • 

11 

"5' 

2 

5 

2 

.... 

7 

10 

7 

4 
10 

8 

*"6' 

8 

1 

0 
7 

12 

15 

»  «  ■  > 

10 
10 
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Ordnance  Office,  War  Department, 

Washington^  June  9, 1879. 

Eespectftilly  returned  to  Capt.  E.  M.  Wright,  through  the  command- 
ing officer  of  Frankford  Arsenal. 
By  order  of  the  Chief  of  Ordnance.  S.  C.  LYFOED, 

Major  of  Ordnance, 

FRANE70RD  Arsenal.,  Pa.,  June  23, 1879. 

Bespectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A.,  through  the 
commanding  officer,  Frankford  Arsenal. 

I  cannot  agree  to  the  conclusions  drawn  by  Captain  Oreer  in  his  re- 
port 

I  consider  a  penetration  equal  to  one  inch  in  white  pine,  with  a  bullet 
weighing  117  grains,  would  produce  a  dangerous  wound.  The  buckshot 
from  the  old  **buck  and  ball"  cartridge  weighed  but  41  grains,  and  was 
deemed  effective.  The  efficiency  of  the  multiball  cartridge  would  be 
more  fully  proved  if  fired  under  service  conditions.  It  is  one  thing  to 
fixe  a  revolver  "  with  a  muzzle  rest" ;  it  is  a  very  different  affair  to  fire 
it  while  mounted. 

E.  M.  WEIGHT, 
Captai/n  of  Ordnance^  U.  8.  A. 

Frankford  Arsenal,  Pa.,  June  24, 1879. 

Eespectfully  returned  to  the  Chief  of  Ordnance,  U.  S.  A. 
I  am  convinced  that  for  ranges  varying  from  25  to  100  yards  the  dis- 
abling effect  of  the  service  revolver  is  doubled  or  trebled  fired  with  tiie 
multiball  cartridge.    This  I  understand  is  about  what  is  claimed  for  it, 
and  nothing  more. 

JAS.  M.  WHITTEMOEB, 
Major  of  Ordnance,  Commanding, 

Ordnance  Office,  June  25, 1879. 

Eespectfully  referred  to  commanding  officer,  iN'ational  Armory,  invit 
ing  his  attention  to  fourth  and  fifth  indorsements. 

The  recent  equipment  board  was  '^  so  impressed  with  the  value  of  this 
kind  of  ammunition  that  it  recommended  that  it  be  manufactured  and 
adapted  to  the  Army  revolver."  Our  trials  and  exi>eriments  must  settle 
the  question  first  and  prove  that  the  expense  of  alteration  of  revolvers, 
&c.,  is  justified  by  the  success  of  our  trials.    Please  give  it  further  con- 

S.  V.  BBKfiT, 
Brigadier-Oeneral  and  Chief  of  Ordnance. 

National  Armory,  July  15, 1879. 

Bespectfully  returned  to  the  Chief  of  Ordnance. 

Out  of  regard  to  the  recommendation  of  the  board  referred  to  in  the 
sixth  indorsement  I  would  recommend  that  a  thorough  trial  of  Captain 
Wright's  multiball  cartridge  be  made  in  the  field,  with  the  service  revolver, 
Colt's  pattern. 

With  regard  to  the  use  of  buckshot,  and  ball  and  buckshot  cartridges, 
to  which  Captain  Wright  refers  in  the  fourth  indorsement,  the  former 
was  practically  abandoned  more  than  thirty  years  ago  for  the  want  of 
efficiency  in  the  military  service.  I  also  recollect  that  military  men  very 
much  doubted  the  usefulness  of  the  ball  and  buckshot  cartridge,  consid- 
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ering  that  buckshot  woands  firom  these  cartridges  were  of  rare  occur- 
rence. 

J.  G.  BENTON, 
Colonel  Commanding, 

Ordnanoe  Office,  Julff  18, 1879. 

BespectfoUy  retomed  to  commanding  officer,  Frankford  Arsenal,  who 
will  get  up  a  moltiball  cartridge  for  the  Colt's  service  revolver  and  send 
a  sample  to  this  office. 

S.  V.  BBNfiT, 
Bngadier-Oeneral  and  Chief  of  Ordnanee. 

Fbaivkfobd  Arsenal,  Pa.,  July  19, 1879. 

Bespectfhlly  referred  to  Gapt.  E.  M.  Wright  for  compliance  with  pre- 
ceding indorsements. 

JAS.  M.  WHITTEMORE, 
Major  of  Ordnaneey  Commanding. 

Frankford  Arsenal,  August  25, 1879. 

Bespectfidly  retomed  to  the  commanding  officer,  with  inclosed  report 
and  sample. 

E.  M.  WBIGHT, 
Captain  of  Ordnance^  U.  S.  JL 


BEPOET. 

Franeford  Arsenal,  August  25, 1879. 

Sir  :  I  have  the  honor  to  snbmit  herewith  a  sample  moltiball  cartridge 
adapted  to  the  "  service  Colt's  revolver.'^ 

To  obtain  sofficient  length  of  case,  and  to  overcome  the  choke  of  the 
chamber,  I  have  bottled  the  case  slightly  at  the  forward  end. 

This  allows  the  ose  of  three  ballets,  diameter  ".42S ;  weight,  110  grains ; 
charge  of  powder,  25  grains. 

TMs  cartridge  is  sofficiently  accorate,  and  gives  good  penetration. 

The  latter  is  as  follows : 

25  yards,  2  inches. 

50  yards,  1}  inches. 

75  yards,  l|  inches. 

100  yards,  1  inch. 

I  had  hoped  to  compare  the  destroctive  effect  of  the  service  and  mol- 
tiball cartridge  by  firing  while  moonted.  This  was  foond  to  be  imprac- 
ticable, and  as  the  next  best  thing  two  targets  were  made  on  foot,  ron- 
ning.  Starting  at  100  yards  on  a  gentle  ron,  the  revolver  was  fired  till 
empty.  It  was  then  reloaded  at  a  halt,  and  ronning  and  firing  resomed. 
In  this  manner  the  target  was  approached  20  yards  at  a  time,  the  aver- 
age time  for  this  distance  being  ten  seconds. 

There  being  bot  twelve  moltiball  cartridges  left,  I  commenced  the 
sixth  chamberfol  of  each  cartridge  at  50  yai^s,  and  the  seventh  at  25 
yards.  The  target  was  6  feet  high  and  16  feet  long.  On  this  were 
rodely  drawn  the  figores  of  eight  men. 

The  accompanying  targets  show  the  resolts. 

I  also  inclose  herewith  sample  of  the  bollet  after  striking  an  iron  tar- 
get ;  distance,  75  yards. 

Very  respectfolly,  yoor  obedient  servant,  

B.  M.  WEIGHT, 
Captain  Ordnaneey  U.  8.  A. 

GoMiiANDiNa  Opfiosr,  Frankford  Arsenal. 
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Frankford  Arsenal,  August  25, 1879. 

Respectfully  returned  to  Captain  Wright  for  further  explanation  as 
regards  space  occupied  by  the  sample  cartridge,  as  to  length  of  chamber 
of  revolver,  and  practicability  of  manufacture  by  the  quantity  in  ordi- 
nary loading  machines. 

JAS.  M.  WHITTEMORE, 
Major  of  Ordnance j  Commanding. 

Frankford  Arsenal,  August  26, 1879. 

Respectfully  returned  to  commanding  officer. 

The  length  of  the  chamber  of  the  Colt's  revolver  is  1".6.  The  total 
length  of  the  sample  multiball  cartridge  is  1".61.  Deducting  ''0.6  for 
thickness  of  head,  as  the  cartridge-head  occupies  no  part  of  the  cham- 
ber, leaves  the  length  of  chamber  taken  up  by  the  cartridge  1''.55.  TThe 
front  bullet  is  therefore  "0.5  below  the  fh)nt  face  of  the  chamber.  There 
would  be  no  trouble  in  the  manufacture  of  this  cartridge  in  quantity  by 
the  ordinaiy  machine  now  in  use  at  this  arsenal. 

E.  M.  WRIGHT, 
Captain  of  Ordnance^  U.  8.  A. 

Frankford  Arsenal,  Pa.,  Au^fust  26, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance,  IT.  S.  A. 

The  sample  multiball  cartridge  for  caliber  ''.45  Colt's  revolver  strikes 
me  as  the  best  that  can  be  done  for  service  revolver  with  choke  in  cham- 
ber to  prevent  bullets  advancing.  The  corresponding  choke  in  shell 
reduces  diameter  of  bullet  ".02  double  thickness  of  wall  of  shell.  This 
prevents  slugging  for  taking  grooves  of  barrel  to  any  extent.  With  the 
round  bullet  its  importance  diminishes,  however.  The  sample  is  strong 
and  the  balls  well  protected.  Twenty-five  grains  powder  seems  to  be 
charge  enough  for  a  cartridge  of  this  kind. 

JAS.  M.  WHITTEMORE, 
Major  of  OrdnancCy  Commanding. 

Ordnance  Office,  War  Department, 

Washington^  August  29, 1879. 

Respectfully  referred  to  the  commanding  officer  of  ^National  Armory 
for  trial  and  report,  and  to  call  upon  commanding  officer  of  the  Frank- 
ford Arsenal  for  more  cartridges  if  necessary. 

S.  C.  LYFORD, 
•  Acting  Chief  of  Ordnance. 

National  Armory,  October  16, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance  with  the  report  called 
for  in  the  preceding  indorsements. 

J.  G.  BENTON, 
Colonel  of  Ordnance^  Commanding. 
23  OBD 
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Proceedings  of  a  hoard  of  officers  convened  in  obedience  to  the  following 

order : 

[Post  Orders  No.  80.1 

National  Armory,  Springfield,  Mass.,  October  6, 1879. 

Par.  II. — A  board  of  officers,  to  consist  of  First  Lieiit.  Rogers  Bimie,  Jr.,  Ordnaiic« 
Department,  and  First  Lient.  C.  C.  Morrison,  Ordnance  Department,  will  convene  at 
this  armory  to-morrow,  the  7th  instant,  at  10  o'clock  a.  m.,  or  as  soon  thereafter  as 
practicablci  to  test  and  report  upon  the  Wright  muUiball  cartridges  for  service 
revolvers. 

By  command  of  Col.  J.  O.  Benton :  •  D.  A.  LYLE8, 

lAeutenantof  Ordiianoey  Post  Adjutant. 

National  Armory, 
Springfield^  Mass.y  October  7, 1879. 

Tbe  board  met  pnrsuaut  to  tlie  foregoing  order. 

Present,  both  the  members. 

The  convening  officers  having  submitted  to  the  board  the  Wright 
multiball  cartridge,  adapted  to  Colt's  service  revolver,  they  proceeded 
to  comparative  tests  of  this  cartridge  and  the  service  cartridge,  firing 
each  in  turn,  under  the  same  circumstances,  and  by  the  same  marks- 
man. 

The  object  of  the  trial  was  to  obtain  direct  comparisons  of  the  two 
cartridges  as  to — 

1st.  Initial  and  remaining  velocities. 

2d.  The  energy  at  different  ranges. 

3d.  The  recoil. 

4th.  The  penetration. 

5th.  The  accuracy  in  firing  with  muzzle-rest. 

6th.  The  accuracy  in  firing,  moving  on  horseback  and  on  foot,  at  a 
front  or  body  of  men. 

7th.  The  dispersion. 

Arms  and  ammunition  used,  Colt's  service  revolver,  caliber  ''.45; 
Wright's  multiball  revolver  cartridge,  caliber  ''.45  j  service  revolver 
cartridge,  caliber  ".45. 

The  multiball  cartridge  submitted  to  the  board  has  a  case  similar  to 
the  service  cartridge,  excepting  in  its  length,  being  1".61,  and  in  its  be- 
ing bottled  forward  to  pass  the  choke  in  the  chamber.  The  mean  of  the 
charge  of  powder  obtained  from  the  cartridges  is  25  grains.  There  are 
three  bullets,  each  weighing  110  grains,  and  having  a  diameter  of  ".428. 
The  two  extreme  balls  are  segments  of  spheres,  with  one  base,  the  radios 
of  which  is  one-eighth  of  an  inch ;  the  middle  ball  is  a  segment  of  a 
sphere,  the  radii  of  whose  bases  are  each  one-eighth  of  an  inch.  The 
powder  is  closely  compressed,  so  ^  to  occupy  but  ".42  of  the  case. 
Drawings  of  the  cartridge  are  appended  hereto,  marked  A. 

VELOCITIES. 

The  following  is  a  table  of  comparative  velocities : 

Table  I. 


Bullet. 

Welg(htof 
powder. 

Weight  of 
baUetft. 

Initial  ve- 
locitiea. 

BemainlDK  relooitiea. 

25  yards. 

50  yards. 

75yazdB. 

100  yards. 

Service. 

Qraini, 
28 
25 

Qrain*. 
230 
830 

Ftet. 
725 
690 

Feti, 
709 
637 

IVet 
605 
581.5 

FmL 
681 
664 

FmL 

mn 

Multiball 

517.6 
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The  initial  velocity  for  the  service  bullet,  725  feet,  is  assumed  as  its 
mean  average  velocity. 

The  initial  velocity  for  the  multiball  bullets,  '690  feet,  is  deduced  from 
a  series  of  33  measurements  by  the  Boulenge's  chronograph.  List  ap- 
pended, marked  B. 

The  multiball  velocities  will  be  found  to  vary  between  widely  sepa- 
rated extremes,  each  ball  of  the  three  differing  from  the  others.  The 
middle  ball  was  found  to  be  second  in  penetration,  hence  in  velocity. 
Up  to  25  yards  it  was  the  most  accurate.  It  is  noticeable  in  the  veloc- 
ities recorded  that  it  cut  the  i^cond  target  the  most  often  of  the  three, 
those  velocities  between  681  and  697  feet  probably  belonging  to  this 
ball.  The  uncertainty,  however,  as  to  the  ball  by  which  the  wires  were 
cut  caused  the  board  to  take  the  mean  velocity  of  the  thirty-three  as 
the  mean  velocity  of  all.  This  velocity  is  used  in  computing  the  mean 
energy  of  the  three  balls,  the  table  of  comparative  energies  being  as 

follows  : 

Table  II. 


BoUet 

Weight  of 
powder. 

Weight  of 
boDAt. 

25  yards. 

50  yards. 

75  yard*. 

Foot-poundM. 
236.9 
75 

lOOyarda. 

Service 

Grain§. 
28 
25 

Qraint. 
230 
•        110 

Foot-pounds. 

258.8 
99.1     - 

Foot-f>ound9. 

246.7 

85.5 

Foot-poundt. 
227.  S 

MaltibaU 

65.5 

BECOILS. 

The  theoretical  recoils  are,  respectively,  for  the  service  cartridges,  3.7 
foot-pounds;  for  the  multiball  cartridges,  6.86  foot-pounds;  deduced 
from  the  following  data : 

Weight  of  revolver,  16,784  grains. 

Weight  of  service  bullet,  230  grain. 

Velocity  of  service  bullet,  725  feet. 

Weight  of  (3)  multiball  bullets,  330  grains. 

Mean  velocity  of  (3)  multiball  bullets,  690  feet. 

Force  of  gravity,  32.16  feet. 

Although  the  theoretical  recoil  is  seen  to  be  nearly  twice  as  great  as 
with  the  service  cartridge,  the  shock  was  not  found  to  be  such  as  to  tire 
the  hand  in  firing  fifty  multiball  cartridges  in  quick  succession. 

Assuming  that  the  increased  recoil  has  no  effect  on  the  accuracy  of 
the  fires,  as  has  been  shown  in  this  case  of  the  service-cartridge,  it  would 
be  no  material  objection. 

PENETRATION. 

In  determining  the  penetration,  white-pine  butts  were  used,  made  of 
inch  boards,  with  1"  spaces  intervening  between  the  layers  of  boards. 
Five  complete  targets  were  made  at  each  of  the  ranges,  50,  75,  and  100 
yards,  and  eight  complete  targets  at  25  yards,  giving  mean  results  found 
in  the  following  table: 

Table  III. 


MultilMU  bnllets. 

25ymrds. 

50  yards. 

1.9 
1.6 
L25 

75  yards. 

100  yards. 

1... 

Inehet. 
2.M 
L6 
L3 

InehM. 
1.42 
1.26 
1.04 

.96 

2        

.74 

a 

.44 

Mean  of  3  balls 

L66 

1.58 

L24 

.72 

366 
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In  determining  the  penetration  at  25  yards,  cartridges  were  used  with 
the  forward  bullet  marked  by  replacing  about  two  grains  of  the  lead  by 
the  same  weight  of  vermilion,  pressed  into  the  hole  from  which  the  lead 
was  taken,  so  as  not  to  alter  the  shape  of  the  ball.  This  enabled  the 
board  to  determine  which  ball  had  the  greatest  penetration,  hence  the 
greatest  initial  velocity.  The  result  proved  the  forward  bullet  to  have 
the  maximum  penetration,  the  middle  ball  to  be  second,  and  the  rear 
ball  third. 

Beasoning  from  analogy,  at  each  of  the  other  ranges  the  same  would 
be  true;  hence  the  balls  numbered  1,  2,  and  3  are  presumed  to  be  the 
forward,  middle,  and  rear  balls,  respectively.  Tabulated  records  of  the 
targets  for  penetration  are  appended,  marked  C. 

The  penetration  of  the  service  bullet  at  50  yards  is  3}  inches ;  at  100 
yards,  3J  inches. 

ACCURACY  WITH  MUZZLE-REST. 

For  the  purpose  of  direct  comparison,  targets  of  ten  shots,  fired  with 
muzzle-rest  at  a  12'  butt,  were  made  at  25,  50.  75,  and  100  yards. 
/See  Platen  XXXV  and  XXXVI.)  The  results  or  which  are  expressed 
m  the  following  table: 

Table  IV. 


Cartridges. 


Service... 
MultibaU. 


25  yards. 

50  yards. 

75  yards. 

100  ya 

n 

i8 

5 

& 

S 

allel 

aolu 
ion. 

• 

i 

O  5 

• 

• 

solu 
ion. 

<M 

o 

[m  ab 
eviat 

•33 

2 

•S.3 

^3 

o 

s-o 

d 

±'^ 

6 

S-O 

6 

S'O 

»  ,  a 

^ 

JntheM, 

^ 

S 

JZS 

S        1 

Jnehes. 

Inehu. 

7ndh«v. 

10       3.29 

10 

b.9J 

10 

10.12 

10 

ia.7« 

80 

4.09+ 

30 

10.45 

30 

20.06 

25 

2&53 

2 


d 
SB 


10 
18 


In  obtaining  the  mean  absolute  deviation  of  the  multiball,  that  ball 
which  was  nearest  of  the  three  to  the  point  ain^ed  at,  viz,  the  center  of 
the  target,  was  taken,  rather  than  the  center  of  impact  of  the  three^  as 
gi\'ing  the  more  nearly  just  comparison.  It  is  seen  for  a  single  object 
aimed  at  above  25  yards  the  accuracy  of  the  service-cartridge  is  about 
twice  that  of  the  multiball;  but  when  the  dispersion  of  the  latter  used 
against  a  front  of  men  is  considered,  this  apparent  want  of  accuracy  is 
compensated  for. 

The  target  record  from  which  the  mean  absolute  deviations  were 
obtained  is  appended,  marked  D. 

ACCURACY  m  FmiNG,  MOVING. 

To  determine  this,  the  service  conditions  were  obtained  as  nearly  as 
possible. 

Sergeant  Donovan,  of  the  IN'ational  Armory  detachment,  was  selected 
as  about  equal,  possibly  a  little  superior,  to  the  average  shot,  as 
marksman.  The  figures  of  ten  men,  rudely  drawn  on  a  canvas  rect- 
angle 18'  6''  by  6'  feet,  were  taken  as  a  target.  This  target  was  ap- 
proached perpendicularly  to  its  front  at  an  easy  gallop.    Firing  was 
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commenced  at  100  yards  with  the  multiball  cartridge.  Six  shots  were 
delivered  between  100  and  60  yards.  The  same  was  then  done  with  the 
service-cartridge.  The  target  was  then  approached  in  the  same  man- 
ner, six  shots  l^ing  fired  between  60  and  25  yards;  then  between  40  and 
10  yards.  In  each  series  of  six  shots  the  service  alternating  with  the 
multiball. 

The  same  was  done  on  foot  at  a  run,  checking  the  speed,  but  not  halt- 
ing, to  fire :  the  distances  between  which  the  six  shots  were  delivered 
being  as  given  in  the  following  table. 

The  target  was  then  fired  at  on  foot,  running,  while  passing  it  parallel 
to  its  front,  at  a  distance  of  30  yards  from  it ;  firing  commencing  and 
ending  about  50  yards  obliquely  distant  from  its  center. 

The  ground  over  which  the  target  was  approached  on  horseback  and 
on  foot  was  rough,  in  places  slippery. 

The  following  tables  exhibit  the  results,  and  copies  of  the  targets  are 
appended  (Plates  XXXVII,  XXXVIII,  and  XXXIX),  giving  in  each 
case  the  results  of  the  most  successful  trials : 

Table  V. 

(Fired  on  horseback  at  a  gallop.) 


Cartridge- 


Service 

Total. 
Mnltiban... 


From   100  to  80 
yards. 


e 


1st 
2d 


Ist 
2d 


I 
I 


6 
6 


12 


6 
6 


a 


1 


From  60  to  25 
yards. 


o 
JZ5 


1st 
2d 
3d 
4th 


I 


5  .  1st 

2  2d 

... :  3d 

...  4th 


12 


6 
6 
6 
6 


24 


6 
6 
6 
6 


24 


5 

a 


From  40  to  10 
yards. 


2 
3 
2 

3! 


10 


11 

9 
5 
3 


28 


si 


1st 

2d 

3d 


2i 

6  ' 


I 


8 
2 
4 


3 

18 

0 

Ist  1 

2d 

3d 

6 
6 
6 

7 
3 
6 

i 

3, 

1 

18 

16 

Table  VI. 

(Fired  on  foot  at  a  ran.) 


From  100  to 

From  76  to 

From  50  to 

From  35  to 

65  yards. 

45  yards. 

25  yards. 

17  yards. 

Cartridge. 

1 

1 

%4 

fsboto. 

• 

1 

o 
6 

5- 

O 

6 

i 

o 
6 

a 

o 
6 

i 

^ 

» 

^ 

m 

JZ5 

^ 

a 

Servioe • • 

6 
6 

2 
11 

6 
6 

2 

7 

6 
6 

5 
10 

6 
6 

6 
16 

Mnltiban 
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Table  VII. 
(Fired  on  foot  at  a  nm.) 


Service . . 
Mnltibon 


First  triaL 

Second  triaL 

i 

• 

Cartridge. 

o 

1 

«M 

«M 

o 

• 

o 

• 

i 

^ 

S 

il 

m 

6 
« 

3 
6 

6                1 

8 

7 

From  the  foregoing  tables  it  will  be  seen  that  iu  54  shots  fired  from  on 
horseback,  moving  at  gallop,  at  distances  varying  between  lOOyards  and 
10  yards,  21  service-bullets  hit  the  target,  and  in  the  same  number  of 
shots,  similarly  fired,  of  multiball  cartridges.  51  bullets  struck  the  tar- 
get; that  of  24  shots  fired  running,  on  foot,  between  100  y^rds  and  17 
yards,  15  service  and  44  multiball  bullets  struck  the  target ;  that  of  12 
shots  fired  while  running  on  foot  parallel  to  it,  4  service  and  13  multiball 
bullets  hit  the  target. 

The  average  time  of  firing  the  six  multiball  cartridges  was  10}  seconds ; 
that  for  the  six  service-bullets,  12^  seconds. 

DISPEBSION. 

Examining  Plates  XXXV  and  XXXVI,  it  will  be  seen  that  the  aver- 
age circumscribing  rectangle  at  25  yards  of  the  groups  of  shots  in  the 
multiball  is  16"  by  1 6 J",  making  it  possible  to  hit  two  files  at  50 yards; 
the  average  rectangle  being  40§"  by  30g",  two  files,  possibly  thi-ee,  may 
be  hit.  Between  75  and  100  yards  the  spread  covers  more  than  three 
fil^,  rendering  it  possible  to  hit  three  men  in  a  front. 


CONCLUSIONS. 

The  efficiency  of  the  cartridge  turns  upon  two  considerations :  first, 
accuracy;  second,  effective  energy. 

In  point  of  accuracy,  when  used  either  against  a  single  file  or  a  front 
or  body  of  men,  under  the  usual  service  conditions,  viz,  without  rest, 
and  fired  by  pointing,  not  sighting,  the  multiball  cartridge  is  a  little 
superior  to  the  service  up  to  25  yards ;  between  that  and  50  yards,  nearly 
twice  that  of  the  service  against  a  front  of  men,  and  nearly  equaJ  to  the 
service  against  a  single  file. 

Between  50  and  100  j^ards  it  approaches  nearly  three  times  that  of  the 
service-cartridge  against  a  front  of  men. 

The  board  finds  the  question  of  effectiveness  a  very  serious  one  about 
which  to  arrive  at  a  conclusion,  with  available  data.  Even  at  50  yards, 
which  they  consider  a  minimum  effective  range  for  a  revolver-cartridge, 
the  energy  of  one  of  the  three  bullets  is  scarcely  more  than  one-third  of 
that  of  the  service-bullet  at  the  same  range. 

The  experiments  lead  to  the  conclusion  of  a  probable  and  marked 
superiority  (on  account  of  the  greater  number  of  balls)  of  the  multiball 
cartridge  over  the  service,  to  include  a  range  of  50  yards ;  but  even 
within  this  limit,  it  is  believed  a  well-grounded  conclusion  can  only  be 
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arrived  at  by  actual  trial  in  service,  in  order  to  determine  the  capability 
of  the  multibali  ballet  to  inflict  a  dangerous  or  a  fatal  wound. 

Independent  of  other  consideratioQS,  if  it  be  intended  to  have  this 
multibali  cartridge  succeed  the  present  uniball,  it  seems  to  the  board 
that  a  great  sacrifice  of  weight  and  diameter  of  ball  is  made  in  utilizing 
a  .45''-caliber  rifled  revolver  for  firing  a  .428"  spherical  bullet,  to  gain 
the  adaptation  of  the  cartridge  to  the  present  choke  of  the  chamber,  a 
much  heavier  ball  being  in  their  opinion  at  least  desirable.  The  cart- 
ridge submitted  cannot  be  fired  firom  the  Smith  and  Wesson  revolvers 
now  in  the  hands  of  troops. 

E.  BIRNIE,  Je., 
Lieutenant  of  Ordnance^  President 

CHARLES  C.  MORRISO:^f, 
Lieutenant  of  Ordnance^  Recorder. 


(A.) 


(B.) 

Initial  velocity  of  Wrighfs  mulUball  cartridge;  from  a  seriet  of  33  meaiuremenU  5y  ike 

Bouleng^  chronograph. 


Number. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 


Mean 


Feet   I 


718  , 
718  I 
693  ' 
072  ' 
681 
711  I 
662  I 
707  ' 
6M, 
714 
710  I 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Nnmber. 

Feet 

666 

682 

694 

681 

665 

714 

605 

689 

673 

713 



686 

Number. 

Feet 

23 

692 

24 

687 

25 

709 

26 

681 

27 

671 

28 

686 

29 

689 

30 

708 

31 

683 

32 

697 

33 

659 

....  690 
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(C.) 
Penetration  in  white  pine. 


Knmber  of  shot. 


3. 


{ 
{ 


li 


I 


t- 


04 


5 

1.2 

1 

L9 

2 

1.6 

3 

1.4 

1 

1.0 

2 

L6 

3 

L8 

1 

2.0 

2 

1.5 

8 

LI 

1 

1.8 

2 

LO 

3 

1.8 

InehtM.  <  Inchtt. 

L5     L2 
L2     .9 


LO 

L5 
L3 
LI 

L3 
L2 
LO 

L4 
L2 
LO 

L4 
L4 
LI 


At  25  YARDS. — Penetration  in  white  pine. 


Knmber  of  shot. 

InehM. 
2.0 
2.0 
2.5 
2.2 
2.0 
L8 
2.1 
LO 

|l 
1^ 

InehsM. 
L5 
L5 
L5 
L7 
L6 
L6 
L5 
L8 

1- 

1 

ludM. 

1.2 

2 

hi 

3 

LO 

4 

1.8 

6 

L2 

0 

L4 

7 

LO 

8 

L7 

At  25  yards  the  fh>nt  balls  were  marked  so  the  three  could  be  distinguished  after 
firing.  The  forward  ball  was  found  to  have  the  greatest  penetration,  the  middle  sec- 
ondy  rear  third.  The  average  distance  of  the  several  balls  from  the  point  aimed  at 
was,  forward  ball,  8.2  inches;  middle  ball,  6.6  inches;  rear  baU,  9.U  inches;  showing 
the  middle  ball  at  this  range  to  have  the  greatest  accuracy. 
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(D.) 

Target  record  for  aoouracy,  ueing  in  each  case  that  hullet  of  the  muUiball  charge  which 
carried  nearest  the  center  of  the  target  for  compariaon  with  the  {single)  service  bullets 

RANO£«  26  YABDB. 


THB  MULTIBALL  BULLXT. 

THX  BXBYICB  BULLET. 

Number  of 

DUtancee  expressed  in  inches. 

■hot. 

From  center  of  target. 

! 
From  center  of  impact.  From  center  of  target. 

1 

From  center  of  impact. 

1 
A.  ,  B. 

1 

R. 

L. 

A. 

B. 

7.5 
L5 

R. 

L. 

A. 

B. 

R. 

L. 

A. 

B. 

B. 

L. 

1 

4 

2.5 

4.2 

3.51  4 
3    1  — 
1.5.... 

1.5      &0 
LO       LO 

2 

2 
5 

7 
6 
6 
6 
4 

•  •  •  ■ 

5 
3.5 

....       4 

1 

5.7 

•  •  •  •  • 

i.r 

1 
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(D) — Continued. 
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(One  plate.) 

FIRST  REPORT  ON  MERWIN,  HULBERT  &  CO/S  MULTIBAX.L  CARTRIDGES 
MADE  BY  MAJ.  J.  M.  WHITTEMORE  AT  FRANKFORD  ARSENAL,  1879. 

Frankford  Arsenal,  April  23, 1879. 

Sir:  In  compliance  with  your  instructions  of  7th  and  15th  instants,  I 
have  the  honor  to  submit  the  following  report  on  multiball  cartridges 
submitted  for  trial  by  Merwin,  Hulbert  &  Co.,  of  New  York  City : 

In  the  annexed  sketch  Plate  XL,  figures  1, 2,  and  3  represent  the  rifle 
cartridges,  and  figure  4  the  revolver  cartridge.  Another  cartridge,  not 
shown  in  sketch,  was  also  tried,  and  will  be  referred  to  as  No.  6. 

The  programme  of  the  experiments  was  suggested  by  Mr.  Moore,  the 
representative  of  Merwin,  Hulbert  &  Co. 

DESCRIPTION  OF  CARTRIDGES. 

No.  1  contains  3  round  balls,  diameter  0^^425 ;  weight,  110  grains. 

No.  2  contains  2  round  balls  and  1  conical  ball;  weight,  112  grains. 

No.  3  contains  3  spherical  zones  and  1  conical  ball }  weight,  112  grains. 

No.  4  contains  2  spherical  zones  and  1  conical  ball,  same  size  and 
weight  as  No.  3. 

No.  5  contains  4  round  balls,  same  size  and  weight  as  No.  1. 

Nos.  1,  2,  and  3  contained  68  grains  powder ;  No.  4, 29  grains  i)Owder, 
and  No.  5,  50  grains  powder. 

The  balls  in  all  were  inclosed  in  a  stout  paper  case  saturated  with  a 
mixture  of  paraffine  and  lieeswax.  The  paper  case  of  some  were  var- 
nished with  shellac  with  i%  view  of  preventing  evaporation  of  the  lubricant 
under  high  temperatures.  The  balls  so  inclosed  areinsertedin  theordinary 
metallic  cartridge  case  over  a  charge  of  powder  and  the  case  crimped, 
leaving  the  front  ball  projecting  from  its  mouth  from  0".5  to  0".6,  and 
therefoi*e,  the  fix)nt  ball  is  held  in  position  by  the  paper  envelope  only. 

ACCURACY  AT  60  YARDS. 

No.  1,  mean  absolute  deviation 1'.  007 

No.  2,  mean  absolute  deviation 2'.  833 

No.  3,  mean  absolute  deviation  (16  misses) 1'.  702 

No.  5,  mean  absolute  deviation 3'.  520 

ACCURACY  AT  100  YARDS. 

No.  1,  mean  absolute  deviation  (3  misses) 2'.  440 

No.  2,  mean  absolute  deviation  (7  misses) 2'.  937 

No.  3,  mean  absolute  deviation  (16  misses) 1'.  389 

No.  5,  mean  absolute  deviation 2',  796 

FOULINa. 

No.  1  cartridge,  100  rot$nds  firedy  barrel  weighed  after  each  20  shots  but  not 

cleaned. 

After  20  shots;  fouling,  6  grains. 
After  40  shots;  fouling,  6  grains. 
After  60  shots ;  fouling,  11  grains. 
After  80  shots ;  fouling,  12  grains. 
After  100  shots ;  fouling,  10  grains. 

APPROXIMATE  EFFECTIVE  RANGES. 

No.  5,  at  100  yards,  12  hits,,6  misses. 
No.  1,  at  150. yards,  11  hits,  7  misses.. 
No.  2,  at  150  yardSy  8  hits,  10  misses. 


364         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

!N'o.  3,  at  150  yards,  6  hits,  18  misses. 
Ko.  5,  at  150  yards,  9  hits,  9  misses. 
!No.  1,  at  200  yards,  9  hits,  9  misses. 
Ko.  2,  at  200  yards,  2  hits,  16  misses. 
No.  3,  at  200  yards,  2  hits,  22  misses. 

The  preceding  results  are  for  rifle  ammunition. 

REVOLVER  AMMUNITION  (iNTo.  4). 

Acouracy  {fixed  rcBt), 

Mean  absolute  deviation,  15  yards  C.  394 

Mean  absolute  deviation,  20  yards C.  571 

Mean  absolute  deviation,  30  yards T.  773 

Mean  absolute  delation,  40  yards 1'.  349 

Mean  absolute  deviation,  40  yards 1'.  735 

Mean  absolute  deviation,  50  yards     1'.  850 

Mean  absolute  deviation,  60  yards 2'.  04S 

Mean  absolute  dwiation,  75  yards 3'.  775 

OFF-HAND  FIRING. 

a 

Mean  absolute  deviation,  35  yards  1^  913 

Mean  absolute  deviation,  35  yards 1'.  993 

Mean  absolute  deviation,  35  yards 2'.  442 

Mean  absolute  deviation,  35  yards 1'.  890 

No  misses.  Target  12  feet  square.  Point  sighted  3'  above  center  from 
40  to  75  yards.  Some  of  the  rifle-cartridge  baUs  struck  the  ground  at  75 
yards  from  the  gun  and  others  ricochetted,  smd  afterward  struck  the 
target.  Specimens  picked  up  at  the  target  showed  that  the  spherical 
zones  tumbled  in  flight. 

This  multiball  ammunition  possesses  no  advantage  for  mUitary  pur- 
poses  over  that  already  experimented  upon  at  this  arsenal  by  Gapt.  E. 
M.  Wright,  Ordnance  Department. 

It  depends  for  sluggage  upon  the  paper  in  which  the  buUets  are  in- 
closed ;  Captain  Wright's  upon  the  sluggage  of  the  bullet  itself,  due  to 
its  increased  diameter  over  that  of  the  bore  of  the  gun,  which  makes  each 
spherical  bullet  weigh  more  than  a  corresponding  one  of  this  ammuni- 
tion.   It  gives  no  better  targets  nor  less  fouling  in  100  rounds. 

The  multiball  ammunition  made  here,  with  lubricant,  between  the 
balls,  and  the  shell  crimped  slightly  over  the  front  bullet  to  make  the 
cartridge  practically  water-proof  and  keep  powder,  lubricant,  and  balls 
in  their  proper  places,  will,  in  my  opinion,  answer  all  the  requirements 
of  service  for  rifle  and  carbine  ammunition  better  than  this. 

For  revolvers,  the  paper  envelope  projecting  beyond  the  mouth  of  the 
shell  and  holding  the  front  projectile  entirely,  the  ammunition  presented 
has  the  advantage  of  giving  a  maximum  powder  space  for  length  of  shell 
and  number  of  balls  carried  in  and  with  it,  which  may  be  desirable  for 
trade  purposes. 

All  these  cartridges  will  stand  transportation  in  quantity  packed  in 
boxes,  but  the  front  bullet  projecting  from  the  shell  is  not  sufficiently 
secure  in  its  paper  envelope  to  stand  the  shocks  it  would  be  subjected  to 
in  the  fleld  and  on  the  march  if  carried  loosely  in  pouches  or  the  loops  of 
prairie-belts. 

Very  respectfully,  your  obedient  servant, 

JAS.  M.  WHITTBMORE, 
MajcT  of  Ordnance^  Commanding. 

The  Chief  of  Obbnanoe,  XJ.  S.  A., 

Washingtony  D.  C. 
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New  York,  May  12, 1879. 

Dear  Sir  :  We  duly  received  the  report  made  by  Major  Whittemore 
upon  our  multiball  cartridge,  but  we  find  that,  from  some  inadvertence 
of  ours  or  others,  all  the  previous  experimental  tests  have  been  embodied 
into  this  report.  We  would  now  ask  you  to  grant  us  an  official  trial  of 
our  multiball  cartridge,  with  one  style  of  loading,  and  also  that  this 
cartridge  has  been  ma<le  to  meet  the  view  of  the  Board  as  to  the  strength, 
for  military  purposes. 

We  are,  with  respect,  yours  very  truly, 

MERWIN,  HULBERT  &  CO. 
Gen.  S.  V.  Ben^St, 

Chief  of  Ordnance. 

[Indorsement.] 

Ordnance  Office,  War  Depart^ient, 

Washington^  May  13,  1879. 

Respectfully  referred  to  the  commanding  officer  of  National  Armory, 
with  the  report  on  this  cartridge  made  from  the  Frank  ford  Arsenal, 
and  with  directions  to  test  the  cartridge  if  presented  by  the  parties  in- 
terested. 
By  order  of  the  Chief  of  Ordnance. 

S.  C.  LYPORD, 

Major  of  Ordnance. 

National.  Armory,  June  27, 1879. 

Respectfully  returned  to  the  Chief  of  Ordnance  with  a  report  here- 
with inclosed  of  the  test  called  for  by  the  preceding  indorsement. 

J.  G.  BENTON, 
Lieutenant' Colonel  J  Commanding. 
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Proceedings  of  a  Board  of  Officers  convened  at  the  National  Armoryj 
8pringfieldj  Mass.^  pursuant  to  the  following  order  ^  viz: 

[Post  Orders  Ko.  12— Scries  of  1870.  | 

BOARD  TO  TEST  MULTIBALL  CAK  FRIDGES. 

National  Armory, 
Springfield,  Mem,,  May  21,  1879. 

A  board  to  consist  of  Capt.  J.  E.  Greer,  Ordnance  Department,  and  First  Lieuteu' 
ant  Rogers  Bimie,  Jr.,  Ordnance  Department,  will  convene  at  this  armory  on  Friday, 
the  23d  instant,  at  10  o'clock  a.  m.,  or  as  soon  thereafter  as  practicable,  to  test  and 
report  upon  the  multiball  cartridges  submitted  by  Messrs.  Merwiu,  Hulbert  &.  Co., 
of  New  York  City,  N.  Y. 
By  command  of  Lieutenant-Colonel  J.  G.  Benton. 

D.  A.  LYLE, 
Lieutenant  of  Ordnance,  Post  Adjutant. 
Official : 
D.  A.  Ltle, 

Lieutenant  of  Ordnance^  Poet  Adjutant. 

National,  Armory, 

Springfield^  Mass.y  May  27,  1879^. 

Ten  o'clock  a.  m.,  the  board  met  pursuant  to  the  foregoing  order. 

Present:  Both  the  members. 

Mr.  Moore,  representing  the  firm  of  Merwin,  Hulbert  &  Co.,  whose 
place  of  business  is  at  83  Chambers  street,  New  York  City,  N.  Y.,  pre- 
senteid  to  the  board  samples  of  their  multiball  cartridges. 

Having  determined  ux>on  a  series  of  tests  for  the  cartridges,  the  board 
resolved  to  meet  as  might  be  necessary  to  conduct  the  same,  and  at  the 
conclusion  thereof  to  meet  for  discussion  and  report. 


National  Aemoby, 
Springfield^  Ma^s,^  June  23,  1879* 

The  Board  has  the  honor  to  submit  the  following  report : 

The  cartridges  presented  for  trial  were,  viz,  midtiball  cartridges  for 
the  service  rifle,  and  multiball  cartridges  for  the  service  revolver,  in 
quantity  suflScient  to  conduct  the  experiments  herewith,  accompanied  at 
the  hands  of  the  agent  of  the  firm  by  a  list  of  advantages  claimed  for 
the  cartridge,  which  list  (in  eleven  paragraphs)  is  herewith,  marked  A. 

The  agent  of  the  firm  was  present  during  the  trials. 

Descriptions  of  the  cartridges,  with  drawings  of  the  same,  are  here- 
with appended  and  marked  B. 

In  the  experiments  conducted,  after  good  workmanship  and  perfection 
of  the  cartridges,  the  Board  had  in  view  to  determine  their  effectiveness  in 
regard  to  accuracy,  dispersion,  penetration,  and  the  limits  of  the  ranges 
at  which  they  mignt  be  equal  to,  superior,  and  inferior  to,  the  present 
uniball  cartridges.    (See  Addenda  D.) 

Plate  XLII  shows  the  complete  targets  made  by  firing  (10)  ten  shots 
with  the  multiball  (3'ball)  cartridges  from  the  rifle  and  carbine,  each  at 
ranges  of  50, 100, 150,  and  200  yards. 

Plate  XLIII  shows  every  complete  set  of  three  hits  made,  in  the  above 
firings  (by  a  single  cartridge),  plotted  index)endently  to  show  (individual) 
dispersion  (as  though  the  different  shots  had  been  fired  at  different  por- 
tions of  the  target). 

Plate  XLIY  shows  corresponding  targets  for  the  revolver  at  ranges 
of  25,  50,  and  75  yards. 
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Table  of  accuracy,    (See  Plates  XLIIand  XLIIL  )    Ten  (10)  %hoU,  (30)  hulleU,  fired  at  tar^, 
Iv  square,  with  muzzle-resif  at  rangee  above  50  yards  for  rifie  and  05  for  revolver. 
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The  mean  absolute  deviation  of  the  service  rifle-bullet  at  200  yards 
(the  extreme  range  here  used),  as  found  by  actual  experiments  at  this 
armory,  is  2/'8,  and  of  the  service  pistol-btdlet  at  75  yards  (the  extreme 
range  here  used),  5."04;  results  with  which  the  multiball  cartridges, 
even  at  the  shortest  ranges  used,  do  not  compare.  Moreover,  the  mean 
absolute  deviation  of  the  multiball  cartridges  is  here  shown  to  be  less 
than  it  really  is  at  the  longer  ranges,  since  only  the  hits  can  be  used 
in  computing ;  consideration  of  the  misses  would,  of  course,  increase 
the  deviation. 

It  must  be  remembered,  however,  that  an  essential  of  the  multiball 
cartridge  is  to  combine  a  proper  diversion  with  accuracy,  and  hence 
the  unfavorable  showing  of  the  above  method  of  comparison  is  not  so 
apparent. 

The  following  is  deduced  from  a  consideration  of  the  groups  (alone) 
of  a  single  shot,  and  without  reference  to  the  point  aimed  at. 

Table  of  dispersion  mik  aoouracy. 


RAnge*  yftrds* 


25 

50 

75 
100 


150.. 
200.. 


Mean  average  spread. 


Rifle. 


Carbine. 


I 

o 


»/ 


25.4 


75.7 
90.7 


II 


16.5 


14.5 
61 


>> 

d 


i§ 


II 


83.7 


39.25 
19 

71 


1 

I 


II 


18 


40.25 

21 

78 


Revolver. 


II 

10.2 
38.6 
56.6 


Remarks. 


II 
10.3 

29.8 

36.2 


1 


•| 


Average  of  10  complete  sets  of  three. 

R.  Average  of  10  complete  sets  of  three. 

C.  Average  of  9  complete  sets  of  three. 

P.  Average  of  6  oomi>lete  sets  of  three. 
Average  or  6  complete  sets  of  three. 
\  R.  Average  of  4  complete  sets  of  three. 
[  C.  Average  of  4  complete  sots  of  three. 
\  R.  Average  of  8  complete  sets  of  three. 

C.  One  set  only. 

R.  No  complete  sets. 

G.  One  set  only. 


{ 


NOTB.— See  Plates  XLTTI  and  XLIV. 
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Which  shows  for  the  revolver  that  at  25  yards  the  three  balls  will  fall 
within  the  area  of  a  single  file  (soldier),  at  50  yards  the  spread  covers 
two  men,  and  at  75  yards  reaches  three  men. 

For  the  rifle  and  carbine  at  50  yards  the  spread  covers  two  men ;  at 
100  yards  four  men  for  the  rifle,  and  the  carbine  two  and  over ;  and 
at  150  yards  the  (rifle)  balls  may  reach  a  front  of  Ave  men.  In  none  of 
these  cases  does  the  vertical  spread  exceed  the  height  of  a  man. 

The  number  of  complete  sets  at  the  higher  ranges  being  limited,  the 
following  is  deduced  by  a  simple  inspection  of  the  targets,  Plates  XLII 
and  XLIII  (showing  result  for  ten  multiball  cartridges). 


• 

Range,  yards. 

Number  of  shots  that 
would  strike  a  single 
file. 

Number  of  shots  that 
would  strike  a  front 
of  men  equal  to  width 
of  target. 

Rifle. 

Carbine. 

Rifle. 

Carbine. 

100 

3 
3 
0 

7 
2 
1 

1 

18    1              20 

150 

13 

16 

200 

3 

8 

Taking  from  this  an  average  of  the  rifle  and  carbine,  we  find  that  in 
firing  at  a  single  file  it  takes  at  100  yards  two  shots  to  hit,  at  150  yards 
four  shots  to  hit ;  but  with  a  front  of  men  we  have  from  the  10  shots  a 
greater  number  of  balls  than  10  single-bullet  cartridges  would  give. 

At  200  yards  the  inferiority  of  the  multiball,  both  for  hitting  a  single 
object  and  a  front  of  men,  is  apparent. 

As  regards  •  hitting  effect,  the  conclusion  then  is : 

For  the  revolver  cartridge. 

Up  to  25  yards  (and  probably  30)  it  is  not  superior  to  the  uniball 
(since  the  three  balls  group  within  so  small  an  area). 

Above  that  range  the  effect  is  equal  to  two,  and  sometimes  three,  uni- 
ball cartridges. 

For  the  rifle  cartridge. 

Upon  to  30  yards  (about)  it  is  not  superior  to  the  uniball  (the  group- 
ing is  so  small.) 

Between  30  and  175  yards  (about)  in  firing  at  a  front  of  men  the  (hit- 
ting) efiect  may  be  equal  to  three  uniball  cartridges. 

In  firing  at  a  single  object  it  is  inferior  to  the  uniball  above  100  yards. 

*  '*  Hitting  e£fecf  here  used  simply  to  indicate  ^*  probability  (or  chances)  of  hitting/' 
24  0BD 
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TahU  of  penetration. 


.  Mean  penetration  in  pine. 


IlHDge,  yaitU. 


Rifle. 


Carbine. 


*/ 


// 


25. 

SO 

73. 
100. 
150. 
200. 


3.48 


8.25 


2.35 
1.60 
1.225  ' 


Revolver. 


OSiJif     'segment. 


Remarks. 


2.29 
1.57 
1.25    ' 


^  1^  1  oo     (  O.  Mean  of  3  hita. 

,       1.73  i.J»     jg    Moan  of  6  hit*. 

r  R.  Hean  of  12  hits. 
,  ^e  1  nR    '  J  C'  Mean  of  10  hits. 

1.  75  1.  U5        .J  ^y    jj^jj  ^f  jj  j^j,^ 

I  *^-  j  S.  Moan  of  5  hits. 
1  n«  n  M\    S^-  Mean  of  4  hits. 

LOe  0«25,iB.  Mean  of  6  hits. 

5  R.  Mean  of  7  hits. 

}C.  Meanof  Ohits. 

\  R.  Mean  of  5  hits. 

{C.  Mean  of  7  hits. 

5  R.  Mean  of  2  hits. 
;}C.  One  hit  only. 


In  the  revolver  cartridges  the  difference  between  the  penetration  of 
the  ogival  and  segments  was  quite  apparent^  a  record  of  this  tiring  is 
appended  and  marked  0. 

Attention  has  heretofore  been  called  to  the  light  concussion  balls  of 
this  kind  would  give  (Captain  Greer's  report  on  the  Wright  multiball 
•cartridge),  and  that  an  inch  of  penetration  would  by  no  means  give  a 
wound  equal  to  one  made  by  a  heavy  bullet  having  the  same  penetration. 

Assuming  that  l'^5  penetration  with  these  balls  would  inflict  a  dan- 
gerous wound,  we  see  that  the  effective  range  of  the  rifle-bullet  multi- 
ball  is  limited  to  160  yards  (about) ;  and  with  the  pistol,  even  at  25 
yards,  but  one  of  the  bullets  in  the  cartridge  has  a  penetration  of  1''.5. 

The  fouling  was  found  to  be  very  slight.  After  70  rounds  had  been 
tired  from  the  rifle  and  carbine  each,  the  barrels  were  carefully  weighed, 
then  cleaned  and  re-weighed ;  the  rifle  gave  5  grains  fouling,  the  carbine 
no  perceptible  fouling. 

The  recoil  was  found  to  be  not  excessive. 

The  diversity  of  the  spread  at  different  ranges  in  regard  to  directions, 
vertical  and  horizontal,  shows  that  the  casing  of  the  balls  takes  the 
grooves  of  the  rifling ;  the  case  seemed  to  rupture  uniformly  and  fall 
near  the  muzzle  of  the  piece,  only  in  exceptional  cases  parts  of  it  reach- 
ing the  target  with  the  ball. 

The  cartridges  are  firmly  constructed;  the  metallic  case  partly  in 
closes  and  clamps  the  forward  balls,  and  the  Board  assents  generally  to 
the  claims  set  forth  by  the  inventors,  so  far  as  the  tests  applied  show, 
with  such  exceptions  and  conditions  as  are  herein  set  forth. 

The  question  naturally  arises  whether  it  would  be  advisable  to  encum- 
ber men  in  action  with  cartridges  which,  in  the  opinion  of  the  Board, 
as  revolver  cartridges,  are  not  at  any  range  superior  to  the  uniball  to 
inflict  a  dangerous  wound,  and  in  any  case  could  not  be  used  with  effect 
beyond  75  yards,  and  as  rifle  cartridges  could  not  be  used  with  effect 
beyond  175  yards,  while  their  superiority  to  the  uniball  is  limited  be- 
tween 30  and  160  yards. 

JOHN  E.  GREER, 
Captain  of  Ordnance^  United  States  Army^  President  of  the  Board. 

R.  BIRNIE,  Je., 
Lieutenant  of  Ordnance^  Recorder. 
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(A.) 
Advantages  claimed  for  encased  multihaU  metallic  cartridge  of  Mermn,  Hulhert  ^  Co. 

First.  No  leading  of  barrel  by  any  nnmber  of  discharges. 

Second.  At  each  discharge  the  casino  acta  as  a  cleaner  and  Jubricates  the  barrel. 

Third.  The  lubricated  case  taking  the  rifling  gives  an  easy  transit  of  balls  and  ac- 
curacy of  flight.  • 

Fourth.  The  lubricant  Is  preserved  under  the  different  ordinary  degrees  of  tempera- 
ture. 

Fifth.  By  the  centrifugal  force  given  to  the  casing  and  balls  by  the  rifling,  the  cas- 
ing is  thrown  oif  after  leaving  the  barrel,  the  balls  diverge  or  separate  nearly  equal 
to  the  front  of  three  men  at  about  one  hundred  yards  distance. 

Sixth.  This  multi  (3-ball)  cartridge  in  its  eifectlve  (or  destructive)  results  at  each 
discharge  at  short  range  is  nearly  equal  to  three  separate  discharges  by  a  breech-loader 
throwing  one  ball. 

Seventh.  The  cartridge  is  flrmly  constructed  and  will  withstand  rough  usage  of 
actual  service  and  preserve  its  nni6}rmity  of  shape. 

Eighth.  Continuous  (and  rapid)  firing  without  requiring  the  barrel  to  be  cleaned. 

Ninth.  Preservation  of  powder.  The  casing  as  an  insulator  prevents  galvanic 
action  between  the  metallic  shell  and  balls  wnich  chemical  action  in  time  would 
deteriorate  the  powder. 

Tenth.  The  casings  are  made,  the  balls  placed  and  secured  firmly  therein,  separate 
from  the  metallic  shells  and  can  be  transported  in  bulk  or  otherwise  without  injury 
and  attached  to  the  loaded  metallic  powder  case  when  desirable  (or  at  reloading  of 
shells)  conveniently. 

Eleventh.  This  mnltiball  cartridge  is  readily  distinguished  by  touch  or  sight,  from 
the  single-ball  cartridge. 


(B.) 

Description  of  Merwin,  Hulhert  ^  CoJ's  multihaU  cartridge  for  the  service  rifle.     (See 

Plate  XLL) 

Weight  of  powder  charge grains.. .  52 

Number  of  balls 3 

Diameter  of  balls 0".424 

Weight  of  balls  (each) grains..     108.66 

Totjw  weight  of  lead grains..     3:^ 

The  charge  is  inclosed  in  a  copper  cartridge  case  of  service  dimensions. 

The  three  balls  are  inclosed  in  a  strong  casing  of  paper  lubricated  with  a  mixture 
of  parafflne  and  beeswax,  making  of  them  a  single  piece. 

Fig.  2.  The  paper  is  saturated  with  the  lubricant.  The  case  is  crimped  at  the  base 
to  hold  the  bal&  in  place ;  the  longitudinal  cuts  a  a,  Fig.  2,  are  made  through  the  case  to 
facilitate  rupture  after  it  has  left  the  piece.  (A  light  coating  of  shellac  covered  the 
poilion  of  the  case  that  projects  from  the  shell  in  some  of  the  cartridges  presente4l. 
with  a  view  to  protection  of  the  cartridges  from  atmospheric  influences. )  Lubricant 
is  placed  in  the  recesses  (corresponding  to  cannelures),  whore  the  balls  come  in  con- 
tact. 

Plate  XLI,  Fig.  1,  represents  the  cartridge  complete,  full  size. 

Fig.  2,  the  paper  case  in  which  the  balls  are  inclosed. 

Fig.  3,  a  single  ball. 

The  multihaU  cartridge  for  the  revolver* 

Weight  of  powder  charge grains..  22 

NuinDer  of  nails  (1  oglval  and  2  spherical  segments) 3 

Diameter  of  balls 0".424 

Length  of  ogival  bullet 0''.39 

Altitude  of  segments 0".238 

Weight  of  ogival  bullet grains..  Ill 

Weight  of  segments  (each) grains  .  82 

Total  weight  of  lead grains..  275 

The  charge  is  inclosed  in  a  copper  cartridge  case,  of  service  dimensions.  The  paper 
casing  for  the  bullets  is  like  that  for  the  rifle.  The  ogival  has  a  flat  base,  and  the 
bases  of  the  segments  fit  to  this  and  to  each  other.  Lubricant  is  placed  in  the  re- 
cesses and  about  their  junctions. 

Plate  XLI,  Fig.  4,  rejpresents  the  cartridge  complete,  full  size. 

Fig.  5,  the  ogival  or  lorward  bullet. 

Fig.  6,  the  segment  bullet. 
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(C.) 
Record  of  firing  for  penetration  with  Mencin,  ffulhert  «J*  Co.^amuHihaU  cartridge  for  pisioL 

25  YARDS. 


Bemarks. 


Hit*. 

Penetra- 
tion. 

/» 

1 

1.50 

2 

1.76 

3 

1.25 

4 

1.75 

5 

1.50 

6 

1.00 

7 

1.25 

8 

1.75 

9 

1.25 

Sefnnent 
O^val... 
Segment . 
Ogival . . . 
Segment . 
Segment . 
Sefpnent 
Ogival . . 
Segment 


Three  shots  (3  balls  each)  fired  from  Colt*s  revolver  at  butt  6'  y  6'. 


50  YARDS. 


Hits. 

Penetra 
tion. 

II 

1 

1.25 

2 

1.00 

8 

1.125 

4 

LOO 

5 

0.875 

6 

1.75 

7 

1.76 

8 

Remarks. 


Segment . . . 

Segment . . . 

Segment . . . 

Segment ...) Three  shots  (3  balls  each)  fired  from  Colt's  revolver  at  butt  6'  x  6'. 

Segment.. 


Ogival 
Ogival 
Struck  in  Joint ;  not  taken. 


1  shot  missed  the  bntt. 
75  YARDS. 


Hits. 

Penetra- 
tion. 

// 

1 

0.75 

2 

1.25 

3 

1.00 

4 

0.625 

5 

0.250 

6 

LOO 

7 

.875 

8 

LOO 

9 

0 

Remarks. 


Segment . . . 

Ogival 

Ogival 

Segment . . . 
Segment . . . 

Ogival 

Sefcment . . . 

Ogival J 

Struck  in  joint;  not  taken. 
Struck  in  joint ;  not  taken. 


Nine  shots  (3  balls  each)  fired  from  Colt's  revolver  at  butt  6'  x  6^. 


17  shots  missed  the  butt. 


(D.) 

List  of  experiments  adopted  for  the  trial  firing  of  Mertviny  Hulbert  j-  Co.^h  multiball  cartridge* 

for  the  service  rifle  and  revolver, 

ACCURACY  AND  DISPERSION  FOR  THE  RIFLE  MULTIBALL  CARTRIDGE. 

Ten  rotmds  to  be  fired  from  the  Springfield  rifle  and  carbine,  each,  at  ranges  of  50, 
100,  150,  and  200  yards.    Target  record  to  be  made  after  each  single  ahot. 

PENETRATION. 

Five  rounds  to  be  fired  as  above  at  a  pine  btitt  6  feet  square. 

Penetration  and  number  of  hits  to  be  recorded  between  each  series  of  firings.  If 
necessary,  the  number  of  rounds  to  be  increased  to  obtain  sufiOicient  hits  to  deteiiuiuc 
the  mean  penetration. 

ACCURACY  AND  DISPERSION  FOR  THE  REVOLVER  MULTIBALL  CARTRIDGE. 

Same  as  for  the  rifle,  excex)t  that  Colt's  revolver  to  be  used  at  ranges  of  25,  50,  and 
75  yards, 

PENETRATION. 

Same  as  above,  except  that  three  shots  to  be  fired  in  the  first  instance. 


PLATE  XLL 


MERWIN,  HULBCRT  ^  Co*6   MULT1BALL  CARTRIDGE. 


rOR    THE  SERVICE  RIFLE. 


^y:/. 


Fig.  2. 


I^g'S, 


^^m/ 


Jje^end. 


TT^ifA/  ef Ponder  cAojye ,  .       .52  frain*, 

Ji\i7nh€r</.B€tils  in  eucA  Carfrielgre^  J.    
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PLATE  XLII 


PLOTS  OFIO SHOTS  (SBALL  CARTRIDGES)  FIRED  AT  TARGETS  12 FL SQUARE. 
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PLOTS  OF  SINGLE  ^BALLj  CART1U)eE8,riReDATTAReCTS  IZnSQARC. 
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RIFLC  AND  carbine:  COMPARtD. 
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APPENDIX  X. 

REPORT   OK  RANGE  FINDERS. 
Capt.  F.  H.  Phipps,  Ordnance  Department. 

(Six  plates.) 

field  range-finder— watkins. 

Plate  L 

1.  Description  of  instrument 

1.  The  instrument  is  double  reflecting,  on  the  principle  of  the  ordin- 
ary sextant,  but  is  so  constructed  that  the  near  object  is  seen  by  reflec- 
tion and  the  distant  one  by  direct  vision,  thus  rendering  it  easier  and 
quicker  to  use,  more  particularly  in  hazy  weather. 

2.  There  are  two  patterns  in  the  service,  differing  only  in  size  and 
weight ;  that  for  the  artillery  being  10  mches  long,  3|  inches  wide,  and 
If  inches  deep,  and  weighing  with  its  case  about  5  pounds.  That  for 
the  infantry,  5|  inches  long,  2^  inches  wide,  and  1^  inches  djBep,  and 
weighing  about  IJ  pounds. 

This  instrument  consists  of  a  brass  rectangular  box,  carried,  when  not 
in  use,  in  a  leather  case  slung  over  the  shoulder  like  an  ordinary  fteld- 
glass.  When  in  use  half  of  the  cover  is  thrown  back,  thus  exposing  the 
right  half  of  the  instrument.  Plate  I,  accompanying,  shows  the  instru- 
ment, side  elevation,  cover  half  open;  end  elevation,  cover  half  open; 
and  plan,  cover  removed.  In  the  cover  is  carried  a  key  for  adjusting; 
and  in  the  artillery  pattern  a  small  telescope  for  use  in  taking  long 
ranges.  There  are  two  eye-holes,  V  and  R,  fitted  in  the  larger  pattern 
Avith  movable  slides,  so  that  the  instrument  can  be  used  with  or  without 
the  telescope;  the  arro>ys  indicate  the  direction  in  which  the  observa- 
tion is  taken. 

3.  On  a  brass  arm,  F  G,  pivoting  at  I^,  is  fixed  a  mirror,  N,  similar 
to  the  index-glass  of  an  ordinary  sextant.  Another  glass,  O,  corres- 
ponding with  the  horizon-glass  of  a  sextant,  is  secured  to  a  shorter 
metal  arm,  II  I,  capable  of  revolving  round  a  pivot  at  H,  and  fitted  at 
I  with  a  steel  screw.  This  arm  plays  between  two  steel  blocks,  K  and 
L,  so  placed  as  to  allow  of  a  transverse  of  45°,  and  is  moved  by  the  rack 
Q,  actuated  by  the  knob  P. 

By  this  arrangement  the  position  of  the  screw  I  can  be  attached  rela- 
tively to  the  arm  H  I  without  disturbing  the  total  angular  traverse  of 
the  mirror  O,  which  remains  constant  at  45^.  If  then  the  arm  H  I  be 
locked  in  position,  so  that  the  screw  I  bears  against  the  block  L,  by 
screwing  or  unscrewing  I  the  mirror  O  can  be  adjusted  parallel  to  the 
index-glass  N.  An  optically  true  right  angle  will  then  be  secured  by 
traversing  the  arin  until  the  screw  I  presses  against  the  block  K.  By 
this  arrangement  the  instrument  can  be  tested,  and  by  using  the  key, 
carried  in  the  cover,  adjusted  in  a  few  moments. 

4.  The  edge  F  G  is  fitted  with  a  steel  plate,  against  which  bears  a 
steel  projection  on  the  sliding  collar  £.  This  collar  slides  on  a  brass 
arm,  C  D,  pivoted  at  C,  and  graduated  witU  a  scale  of  yards  represent- 
ing the  different  lengths  of  base  with  which  the  instrument  can  be  used; 

5.  At  the  extremity  of  G  D  is  a  steel  block,  D^  against  which  the  screw 
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B  bears.  This  screw  is  rigidly  fixed  to  a  metal  cylinder,  A,  on  which  is 
engraved  a  scale  of  ranges.  When  the  screw  B  is  turned  the  arm  C  D 
is  moved  on  its  pivot  C,  and  the  sliding  collar  E,  bearing  against  the 
arm  F  G,  causes  it  to  move  on  its  pivot  at  IN",  thus  altering  the  angle  of 
inclination  of  the  mirror  N.  The  amount  of  motion  of  the  screw  B  to 
give  a  definite  movement  to  the  mirror  N  depends  on  the  position  of  the 
sliding  collar  E  on  the  arm  C  D ;  consequentiy,  by  setting  this  collar  to 
the  proper  graduation  for  the  base  used,  the  one  scale  of  yards  engraved 
on  the  cylinder  A  will  give  the  range  within  the  limits  of  the  gradua- 
tions without  any  calculation  whatever. 

6.  The  fittings  supplied  for  use  with  the  instrument  are : 
{a.)  A  wire  cord,  18  feet  long,  in  a  leather  case. 

(6.)  A  steel  tape,  in  case,  for  occasionally  testing  the  cord. 
(c.)  Three  steel  jnckets,  fitted  with  leather  disks  to  render  them  con- 
spicuous.   These  are  carried  in  leather  buckets. 
(d.)  For  mounted  men  two  knee-halters. 

7.  Two  men  are  generally  employed  as  range-finders,  though,  if  neces- 
sary, the  service  can  be  performed  by  one  only. 

No.  1  carries  the  instrument  slung  over  his  shoulder  like  a  field-glass, 
one  picket  (when  mounted  strapped  to  the  saddle  on  the  off  side),  steel 
tape  in  case,  and  knee-haltel*  (if  mounted).  No.  2  carries  wire  cord  in 
case,  two  pickets  (when  mounted  strapped  to  the  saddle  on  the  off  side), 
and  knee-halter. 

U. — Manipulation  of  the  instrument, 

1.  The  instrument,  when  in  use,  is  most  conveniently  held  horizontally 
in  the  left  hand,  back  under,  thumb  to  the  left.  It  will  be  seen  that  the 
eye-holes  (R  V)  are  bored  obliquely,  and  they  should  be  so  looked  through, 
as  shown  by  arrows  in  the  plate.  The  numbers  on  the  cylinder  read 
from  right  to  left.  When  using  it  to  ascertain  the  length  of  the  base 
A  C  (Fig.  3),  which  is,  under  ordinary  circumstances,  from  60  to  12(t 
yards  in  length,  the  arrow-bead  can  only  point  somewhere  between  the 
600  and  12  (fiiat  is,  1,200).  These  numbers  correspond  respectively  with 
the  6  and  12  on  the  scale  of  bases  C  D  on  the  plate.  If,  for  example, 
the  arrow-head  on  the  cylinder  points  as  in  Fig.  1,  it  would  read  lOlJ, 
and  would  be  transferred  and  set  on  the  scale  of  ba^is  as  shown  in 
Fig.  2. 
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(Fig.  1.) 


(Fio.  2.) 


2.  In  reading  the  range  on  the  cylinder,  the  numbers  from  500  to  090 
give  the  actual  range  in  yards,  while  those  from  10  to  50,  that  is,  for  the 
remainder  of  the  scale,  express  hundreds  of  yards.  Thus  the  arrow- 
head pointing  to  850  would  indicate  a  range  of  850  yards,  and  when 
pointing  to  23  would  indicate  a  range  of  2,300  yards. 

3.  As  No.  2  does  not  necessarily  know  what  object  No.  1  is  taking,  he, 
in  the  first  instance,  plants  only  the  picket  A  and  unrolls  his  measuring 
cord.    As  soon  as  he  sees  No.  1  nearly  in  position  he  turns  the  top  of 
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the  picket  A  until  one  of  the  cross  lines  cut  on  it  points  to  Ko.  1,  and 
runs  the  cord  out  in  the  direction  of  the  other  line,  thus  making  GAB 
roughly  a  right  angle. 

When  Ko.  1  takes  the  range  by  himself  he  lines  the  picket  B  slightly 
to  the  right  of  the  object,  the  shorter  the  range  the  more  to  the  right. 
A  good  rule  is  to  run  the  tape  out  in  line  with  the  object,  and  for  a 
range  of  1,0()0  yards  plant  the  picket  B  a  full  pace  to  the  left.  For  other 
ranges  the  distance  should  be  varied  on  the  principle  above  described. 

It  is  important  that  exactly  the  same  point  of  the  object  (house,  trees, 
&c.)  should  be  observed  from  both  ends  of  the  base,  and  to  insure  this 
the  observer  should  ascertain  what  i)ortiou  of  the  object  is  Aisible  from 
A  (Fig.  3)  before  moving  off  to  C. 

III. — Adjusting  the  instrument 

4 

The  instrument  will  seldom  require  adjustment,  but  it  should  inva- 
riably be  tested  before  commencing  a  day's  work,  and  connected  if  neces- 
sary. 

1.  Open  the  lid  by  pressing  the  spring  S,  and  see  that  the  brass  cyUii- 
der  is  screwed  up  as  far  as  it  will  go,  thus  setting  the  instrument  to  zero. 
Press  the  sliding  collar  E  back  to  the  stop,  that  is,  to  6  on  the  scale,  and 
move  the  arm  I  until  the  screw  I  presses  against  the  steel  block  L. 
When  in  proper  adjustment  the  mirrors  O  and  N  are  now  parallel,  and 
by  looking  through  the  eye-hole  V  at  any  sharply  defined  vertical  line, 
such  as  a  pole,  side  of  a  house,  &c.,  some  distance  off  (a  picket  planted 
about  200  yards  off  can  be  used),  two  images  will  be  seen  exactly  over 
one  another,  one  by  direct  vision  through  the  plain  part  of  the  glass  O, 
the  other  by  reflection  in  the  silvered  part  below.  If  these  two  images 
do  not  exactly  correspond  and  the  line  be  broken,  the  instrument  requires 
adjustment. 

2.  To  ai\just  the  instrument,  unscrew  the  key,  apply  it  to  the  square 
shoulder  of  the  screw  I,  and  turn  until  the  two  images  are  in  line.  Move 
the  arm  H I  backward  and  forward  several  times,  replace  it  against  the 
block  L,  and  see  that  the  adjustment  has  been  properly  effected. 

3.  The  length  of  the  wire  cord  should  be  occasionally  tested  by  means 
of  the  steel  tape. 

IV.^Tiiking  the  range. 

Case  I.  Where  the  base  is  between  60  and  120 
yards.  Suppose  the  distance  from  A  to  O  (Fig.  3) 
to  be  required. 

At  "  Take  the  range,"  "No.  2  plants  a  picket  with 
square  leather  head  and  strut  at  A,  the  flat  side  of 
head  turned  to  the  left  and  the  strut  to  the  rear. 
No.  1  notices  what  portion  of  the  object  he  can  see 
from  A,  goes  oft*  about  100  yards  to  the  left,*  at 
about  right  angles  to  A  O.  He  opens  the  instru- 
ment, pushes  the  arm  H  I  against  the  stop  K  (by 
moving  the  button  P),  turns  instrument  upside 
down,  and  looks  through  eyehole  R  at  object  O  (Fig. 
3)  through  the  plain  part  of  the  horizon-glass  O.  c 

The  picket  A  will  appear  reflected  in  the  silvered 
part  of  the  glass;  should  it  appear  to  the  right  of 
the  object  he  must  retire;  if  to  the  left,  he  must 
advance,  until  the  picket  A  exactly  coincides  with  (Fki.  3.) 

*  If  necessary,  the  right  angle  can  be  laid  out  to  the  right  and  the  range  taken  to 
the  left,  by  reversing  the  operation  herein  detailed. 
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some  well-defined  portion  of  the  object.  He  then  plants  the  picket  C 
between  his  toes,  and  should  verify  the  accuracy  of  the  observation  by 
resting  his  hand  on  the  top  of  the  picket  and  looking  through  the  instru- 
ment again ;  any  slight  error  can  then  be  rectified  by  forcing  the  head 
of  the  picket  to  or  from  him. 

No.  1  has  thus  planted  the  picket  G  at  the  right  angle  between  O 
and  A ;  in  other  words,  O  C  A  is  a  right  angle. 

Ele  now  turns  the  box  right  side  up,  pushes  the  arm  H  I  against  the 
stop  L  (by  means  of  the  button  P),  faces  A  with  C  exactly  between  his 
toes,  and  looks  through  the  side  eye-hole  Y,  inclining  the  left  end  of  the 
instrument  slightly  downward.  He  will  see  the  two  pickets,  A  and  B 
(which  Ko.  2  has  in  the  mean  time  planted),  through  the  plain  pifft  of 
the  glass  O,  and  their  reflection  immediately  below  them.  He  turns  the 
c^iinder  to  the  left,  with  his  right  hand,  until  he  makes  the  reflection  of 
the  round-headed  picket  exactly  coincide  with  the  sqnare-headed  picket, 
and  thus  obtains  the  length  of  the  base  A  C,  which  he  reads  on  the 
cylinder.  He  sets  the  sliding  collar  £  to  the  same  number  on  the  brass 
scale  C  D. 

Meanwhile  No.  2,  as  soon  as  he  sees  Ko.  1  plant  his  picket  at  G,  lays 
one  of  the  cross  lines  engraved  on  the  head  of  the  picket  A  on  G,  hooks 
his  cord  to  A  and  stretches  it  to  the  rear  in  the  direction  given  by  the 
other  line  on  the  head  of  A,  thus  approximately  setting  off  a  right 
angle,  A  G  B,  He  plants  B  at  the  full  extent  of  the  cord,  moves  off  to 
G,  ready  to  bring  in  the  picket  as  soon  as  No.  1  has  completed  the  ob- 
servation, unless  there  are  more  ranges  to  be  taken  froni  the  same  spot. 

No.  1  moves  to  A,  places  himself  facing  O,  with  the  picket  exactly 
between  his  feet,  pushes  the  arm  H I  against  the  stop  K  as  before,  looks 
through  the  end  eyehole  at  the  object  O,  which  he  will  see  through  the 
plain  part  of  the  glass  O,  the  reflection  of  the  picket  G  being  seen  in 
the  lower,  or  silvered,  part.  He  turns  the  cylinder  with  his  right  hand 
until  the  reflection  of  G  exactly  coincides  with  the  object,  and  reads  off 
the  range  opposite  the  arrow-head  on  the  cylinder. 

When  Nos.  1  and  2  are  mounted,  as  with  the  artillery,  the  knee-halters 
are  used  to  secure  the  horses  while  the  observations  are  being  taken. 

Gase  II.  When  the  base  is  limited  to  under  60  yards.  The  operation 
is  similar  to  Gase  I,  with  these  exceptions: 

After  placing  the  picket  C  at  the  right  angle  between  A  and  O,  No.  1 
sets  the  sliding  collar  to  12,  before  making  the  pickets  A  and  B  coincide 
with  one  another,  by  turning  the  cylinder.  He  then  proceeds  as  before. 
The  true  range  is  half  that  finally  read  on  the  cylinder. 

Gase  III.  When  the  base  is  limited  to  over  120  yards.  This  operation 
is  similar  to  Case  I,  with  these  exceptions: 

The  subsidiary  base  A  B  is  made  36  feet  instead  of  18  feet  long  (by 
hooking  the  cord  and  tape  together).  The  true  range  is  double  that 
shown  on  the  cylinder. 

N.  B.  If  the  range  is  under  500  yards,  proceed  as  in  Gase  II.  If  over 
3,000  yards,  as  in  Gase  III. 

V. — To  use  the  instrument  atjudging-distance  drill  instead  of  a  studiometer. 

This  will  be  found  the  best  way  of  getting  accustomed  to  the  use  ot 
the  instrument,  and  will,  moreover,  be  found  more  accurate  and  expedi- 
tious than  the  stadiometer. 

The  length  of  the  base  thrown  out  being  40  yards,  set  the  sliding 
collar  E  so  that  the  arrow-head  is  exactly  on  the  mark  8.  Press  the  arm 
H  I  against  the  block  L.    Keflect  the  flag  at  the  left  end  of  the  thrown- 
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out  base  on  to  the  fla^  at  the  right  end  by  unscrewing  the  cylinder. 
Half  the  reading  is  the  true  range.  Thus,  if  the  index  pointed  to  1,010 
yards,  the  range  would  be  505. 

VI, — Care  of  the  instrument. 

As  before  stated,  the  instrument  is  not  liableto  get  out  of  adjustment 
if  treated  with  proper  care.  On  no  account  should  any  of  the  small 
sci*ews  be  taken  out  or  meddled  with,  as  such  a  proceeding  is  liable  to 
throw  the  instrument  permanently  out  of  adjustment  and  to  render  it 
worse  than  useless. 

The  mirrors  should  be  wiped  occasionally  with  a  piece  of  clean  chamois 
leather  or  soft  linen;  the  screw  and  all  steel  parts  should  be  kept  care- 
fully oiled  to  prevent  rust. 

Before  attempting  to  shut  down  the  cover,  see  that  the  cylinder  is 
screwed  as  far  as  it  will  go. 


Tlieory  of  the  instrument. 

The  conditions  required  for  solving  the  range  triangle  C  O  A  are 
that  we  should  know  the  base  C  A  and  the  angle  G  O  A,  the  angle 
AGO  being  always  a  right  angle.  But  inasmuch  as 
we  are  unable  to  get  at  the  i)oint  O  to  measure  the 
angle,  we  must  And  a  line,  A  D,  at  right  angles  to  A 
G,  and  measure  the  angle  D  A  O,  which  is  equal  to 
the  angle  G  O  A.  This  is  done  by  taking  the  range 
with  the  instrument. 

When  the  cylinder  is  set  to  zero  (the  mirrors  being 
set  at  450),  the  picket  G  will  be  seen  reflected  in  the 
direction  D  at  right  angles  to  A  G.    On  the  cylinder 
being  revolved  the  image  moves  to  the  left,  and  is 
brought  to  coincide  with  the  object  O.    The  inclina- 
tion of  the  mirrors  is  a  measure  of  the  angle  O  A  D ;  p 
but,  as  explained  in  the  description  of  the  instrument.  ^^'   * 
the  position  of  the  sliding  collar  alters  inclination  of  the  mirrors,  and, 
being  set  to  the  base,  the  cylinder  gives  the  range  due  to  that  base. 

In  measuring  the  base  A  G,  a  small  ^ 

range  triangle,  similar  to  O  G  A  in  the      ^  -  ^ 
previous  figures,  is  worked  out.    As  we  "^  "  -  ^ 

are,  however,  in  this  instance,  at  the 

station  G,  we  can  obtain  the  angle  AG  "-B 

B,  which  A  B  subtends,  by  reflecting  P^^  5 

the  picket  Bon  to  A.    If,  then,  the  slid-  '• 

ing  collar  be  placed  at  the  distance  A  B  on  the  base  scale,  the  cylinder 
will  mark  the  distance  A  (3.  As  A  B  is  always  6  yards,  the  sliding  collar 
is,  for  this  operation,  placed  at  the  mark  6,  representing  60  yards  in  the 
range  triangle.  The  results  obtained  ai'e,  therefore,  ten  times  the  true 
ones ;  thus  the  same  scale  on  the  cylinder  does  for  both  bases  and  ranges ; 
if  only  in  the  former,  we  divide  by  ten.  It  is  advisable,  however,  always 
to  read  this  scale  as  for  ranges,  multiplying  the  base  scale  on  the  brass 
bar  by  ten,  so  as  to  avoid  confusion.  Thus  a  base  of  100  yards  would 
be  read  as  1,000  yards,  and  the  sliding  collar  set  at  10.  If  a  tape  of  10 
yards  be  used,  the  same  result  for  A  G  would  be  obtained  by  setting  the 
sliding  collar  to  the  mark  10  before  reflecting  the  image  of  B  on  to  A. 
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Suppose  O  an  object  distant  1,000  yards.  A  G  a  base  of  120  yards, 
and  D  G  a  base  of  60  yards.    The  augle  A  6  G  will  be  doable  the  angle 
DOG,  and,  generally,  if  A  C  =  w  D  G,  the  angle  A  O  C  =» 
times  the  angle  DOG. 

As  there  is  only  one  given  position  of  the  cylinder  and  screw 
for  any  given  range,  some  arrangement  had  to  be  devised  by 
which  the  inclination  of  the  mirrors  might  be  altered,  irre- 
spective of  the  screw,  so  a«  to  cause  them  to  afisume  a  greater 
inclination  for  a  large  base  than  for  a  small  one. 

This  is  arrived  at  by  means  of  the  arm  G  D  (Plate  I),  with 
the  sliding  collar  E  bearing  against  the  arm  F  G.  As  these 
two  arms  pivot  at  Nand  G,  it  is  evident  that  the  farther  the 
slide  is  away  from  G  the  greater  will  be  the  movement  of  the 
arm  F  G  (and  consequently  of  the  mirror  fixed  to  it)  for  an}- 
definite  movement  of  the  screw  B. 

The  principle  by  which  a  right  angle  is  obtained,  when  the 

mirrors  are  inclined  at  45^  to  one  another,  will  be  found  in  any 

elementary  books  on  surveying  or  optics.    The  fact  of  there  being  two 

eye-holes  does  not  affect  the  principle;  it  was  devised  in  order  to  reduce 

the  instrument  into  the  smallest  possible  limits. 

The  foregoing  description  was  furnished  with  the  instrument. 


TESTS  IN  ENGLAND. 

This  instrument  was  tried  with  very  satisfactory  results  in  England  by 
the  committee  on  range-finding  instruments,  and  has  been  adopted  in 
that  country  for  field  purposes. 

In  the  English  tests  a  mean  of  22  observations  by  two  men  gave  2'  23" 
as  the  average  time  required  for  an  observation ;  the  time  varying  from 
V  50"  to  3'. 

The  mean  error  of  11  observations  taken  by  Gaptain  Watkins  himself 
was  10.7  yards,  or  0.48  per  cent,  of  the  mean  range. 

RESULTS  AT  SANDY  HOOK. 

The  instrument  was  tested  at  Sandy  Hook  June  19  and  August  22, 
1879,  with  the  following  results : 


8 

4 
5 
6 
7 
8 
9 
10 

1 
2 
8 
4 

6 
0 

7 
8 


AotuaL 

Yards. 

900 

1.000 

i.aoo 

1.300 

1,600 

1,700 

1.500 

1,400 

1.300 

1,100 

800 

1            000 

1.000 

1,100 

1,300 

1,400 

1.500 

1,700 

Yardi.     ' 
910 

•    1.025 


Yards. 
+  10 

4-  25 


1,185  ' 

-  15 

1.330 

+  30 

1,600 

Kone. 

1,740 

+  40 

1,450 

-  50 

1,345 

-  55 

1,285 

-  15 

1,100 

None. 

772 

-  28 

068 

-  32 

984 

-  16 

1, 059 

-  41 

1,289 

-  11 

1,362  , 

-  38 

1,472 

-  28 

1,679  . 

-  21 

BMe-line. 

Time. 

Yards. 

m 

Not  taken. 

100 

*4'  20" 

123| 

123} 

*3'  40" 

*S'  15" 

1231 

•S'    0" 

1181 

Not  taken. 

117 

ti 

112i 

it 

115 

i( 

.   128 

K 

60i 

Not  taken. 

73i 

tt 

671 

4'  20" 

63 

*3'  43" 

115 

&  18" 

1061 

6'  33" 

115 

*3'  40" 

1081 

*y  13" 

Kemarka. 


Times  marked  with  *  taken  as  faat  aa  pnmi* 
blo:  in  others,  length  of  baae-line  walked. 

Actual  tinieoccitpieil  In  runningoTora  bas«- 
line  of  110  }'anltf  aud  returning,  1'  10". 
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A  mean  of  the  seven  observations  taken  rapidly  by  the  same  two  men 
gave  3'  33"  as  the  average  time  required  to  calculate  a  distance.  This  time 
exceeds  that  obtained  in  Eiigland  by  1'  10",  but  this  is  undoubtedly  due 
to  the  fact  that  the  observations  at  Sandy  Hook  were  taken  by  inex- 
perienced men,  who  probably  had  not  used  the  instrument  a  half  dozen 
times  previously.  Again,  the  Sandy  Hook  observations  were  taken 
over  a  very  uneven  sandy  beach  in  a  hot  glaring  sun.  It  was  found 
that  the  actual  time  occupied  in  getting  over  the  base-line  alone  was 
V  10". 

CONCLUSIONS. 

It  will  be  observed,  in  conclusion,  that  the  instrument  has  really  three 
separate  operations  to  i)erform — first,  to  establish  a  right  angle,  then  to 
get  the  length  of  the  base-line,  and  finally,  after  returning  to  the  initial 
point,  to  get  the  range. 

The  length  of  time  necessary  to  get  an  observation  varies  witli  the 
conditions  of  the  ground,  and  the  accuracy  of  the  observation  will  of 
course  depend  upon  the  skill  and  care  of  the  observer  as  well  as  the 
conditions  of  the  atmosphere.  The  advantages  of  this  instrument  are 
that  it  is  light,  portable,  easily  worked,  and  can  be  tested  and  adjusted 
in  a  few  moments  by  any  person  of  ordinary  intelligence.  It  indicates 
the  range  directly  without  calculation ;  no  vernier  is  used — ^the  only 
graduation  being  the  simple  scales  of  the  length  of  base  and  ranges  in 
yards.  It  is  cheap  as  compared  with  other  range-finders,  the  cost  being 
about  £7. 

One  man  can  take  an  observation,  but  for  convenience  and  rapidity 
two  men  are  preferred.  The  accuracy  of  the  instrument  for  all  ordinary 
artillery  distances,  say  up  to  3,000  yards,  is  very  satisfactory. 

It  has  the  drawback,  however,  of  necessitating  the  use  of  a  right  an- 
gle, but  this  disadvantage  is  greatly  reduced  by  the  facility  of  working 
with  difterent  lengths  of  bases,  the  ease  with  which  the  base  can  be 
changed,  and  the  fa<2t  that  the  instrument  itself  is  used  as  an  optical 
square,  thus  doing  away  with  the  necessity  of  a  separate  instrument. 

It  is  believed  that  the  conditions  of  the  ground  and  atmosphere  for 
taking  accurate  observations  could  not  have  been  much  more  unfavor- 
able than  on  the  days  when  the  ranges  at  Sandy  Hook  were  taken. 


THE  BERDAN  TELEMETER. 

Plate  n. 

Translated  from  the  Revue  cTArtillerie  of  October  ^  1877. 

The  Berdan  range-finder,  already  tested  in  Germany  in  1875  and  187G, 
was  intended  to  have  been  submitted  this  year  by  the  commission  for 
experiments  with  artillery  to  some  new  tests.  Tlie  attention  paid  thi^ 
instrument  by  the  German  artillery,  as  well  as  the  notoriety  the  name 
of  its  inventor^  the  American  General  Berdan,  known  for  some  time  by 
his  small-arm  mventions,  possessed,  explains  sufficiently  the  reproduc- 
tion in  the  Revieio  of  the  following  description  taken  from  the  Engineer, 
It  will  be  noticed  elsewhere  that  the  instalment  described  in  the  Ungi^ 
neer  differs  in  several  points  from  the  one  tested  in  Prussia,  the  inventor 
having  produced  in  succession  many  improvements  of  which  the  Eng- 
lish review  gives  no  details. — Uditor  of  the  Review. 
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It  is  proposed  with  the  Berdan  range-finder,  as  with  the  majority  of 
instruments  intended  for  the  same  use,  to  determine  the  side  of  a  right- 
angled  triangle  whose  base  is  known  by  measuring  the  angle  at  the 
apex. 

Lot  b  be  the  base.  One  can  measure  on  the  side  A  B  (Plate  TI,  Fig. 
1),  a  certain  number  of  distances,  of  which  the  constant  difference  is  i», 
corresponding  in  range  to  successive  notches  of  the  sight. 

K  A  B  =  0  is  the  smallest  distance,  the  following  results:  c  +  w,  c  +  2 

m ,    and  the  greatest,  c  +  n  m.    The  angles  at 

the  apex  corresponding  are  given  by  their  tangents: 

1% 

tang.  B  =  - 

c 

tang.  Bi  =    -  — 
^  c  +  m 

ij 

tang.  B2  = 


c  +  2  m 


tang.  Bn  =  -      — 
c  +  nm 


One  is  able  to  measure  in  practice  these  different  angles  bj'  prolonging 
to  the  rear  of  the  point  C  the  h^'pothenuse  of  each  triangle  as  far  as  the 
arc  of  a  circle  describe4  from  the  point  C  with  a  radius  L  (Fig.  2.)  We 
obtain  in  this  way  the  points  0  .  1,  2  ....  ft  and  the  arcs  OD, 
ID,  2D  —  wD,  or  X,  Xi,  X2— Xn,  measuring  the  angles  B,  Bj,  B2  —  Bn. 

If  it  is  desired,  for  example,  to  measure  some  infantry  distances:* 

C  ==    300  meters. 

m=      50  meters. 

e  +  nm^  1,600  meters. 

If  we  take  6  =  2  meters  and  I  =  0.4",  we  have: 

tang.  B   =  /oV  =  0.00666,  B  =  22'  55" 
tang.  Bn  =  TfTo^  =  0.00125,  B^  =  4'  17" 
angle  (X  -  X^)  =  B  -  B^  ==  18'  38" 

Upon  a  circumference  whose  radius  is  1  this  angle  intercepts  an  arc  of 
1118  X  0.000004848,t  which  is  0.00542;  for  a  radius  of  400  millimeters, 
X  -  Xn  =  0.00542  X  400  =  2.168"'". 

*  On  the  supposition  that  the  Anny  has  a  gun  whose  sight  is  graduatcMl  from  50  to 
50  meters  between  the  limits  of  300  and  1,600  meters,  and  admitting  that  in  firing  at 
distances  less  than  300  meters  the  maximum  ordinate  of  the  trn^^ectory  is  sufficiently 
small  to  do  away  with  the  necessity  for  reconrse  to  an  exact  measure  of  the  distance. 

1 0.000004848  is,  in  decimal  parts  of  the  radius,  the  value  of  the  arc  of  1''. 
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These  arcs  are,  moreover,  sufficiently  small  to  enable  one  to  sabstitate 
for  their  lengths  those  of  their  tangents,  and  to  form  the  following  table 
without  recourse  to  trigonometrical  tables: 


Distances  in  meters. 

Tangents. 

Arcs. 

Differences. 

ei  e  -t-  fn,  . . . .  e  -f-  n  m 

tang.  B,  Bi,  . . . .  Ba. 

X,  Xl,  Xl,  ....  Xa. 

X— Xi.Xi,— Xt .... 
X--I-X-. 

Miaim. 

Mittim. 

300 

O.OOWKM 

2.667 

0.881 

350 

0. 005714 

2.286 

0.286 

400 

0.005000 

2.000 

0.223 

4o0 

0.004440 

1.777 

0.177 

500 

0.004000 

1.600 

0.146 

550 

0. 003636 

1.454 

0.121 

000 

0.003333 

1.33:i 

0.103 

650 

0. 003076 

1.230 

0.087 

700 

0. 002857 

1.143 

0.077 

730 

0.002066 

L066 

0.066 

800 

0.002300 

1.000 

0.059 

850 

0.002353 

0.941 

0.053 

900 

0. 00-2222 

0.888 

0.040 

030 

0. 002105 

0  842 

'                    0.042 

1,000 

0.002000 

0.800 

,                    0.038 

1.050 

0. 001905 

0.762 

0.035 

1.100 

0. 001818 

0.727 

0.032 

1,150 

0.001739 

0.605 

0.020 

1,200 

0.001666 

0.666 

0.020 

1,250 

0.  001600 

0.640 

1                     0.025 

1.300 

0. 001530 

0.013 

0. 022 

1,350 

0. 001481 

0.503 

0.021 

1.400 

0. 001428 

0.572 

0.020 

1.450 

0. 00138*3 

0.552 

0. 019 

1,500 

0.001333 

0.533 

0.017 

1,550 

0. 001290 

0.516 

0.016 

1,000 

0. 001250 

0.500 

2.167 

One  sees  definitely  that  while  rapidly  measuring  the  arcs  X,  Xi,  Xs, 
the  corresponding  distance  will  be  at  the  same  time  determined. 

Among  instruments  already  known  a  great  number  measure,  in  the 
same  way,  angles  by  a  single  observation,  unfortunately  too  long  to  be 
practically  possible  on  the  field  of  battle.  The  essential  conditions  are 
greiit  rapidity  and  accuracy  in  connection  with  the  graduation  of  the 
sight. 

The  range-finder  invented  by  General  Berdan  satisfies  these  conditions 
by  reason  of  the  advantages  which  it  presents.  So  far  it  does  not  seem 
to  be  objected  to  in  Germany,  where  it  is  ver>'^  much  appreciated,  either 
by  its  net  cost  (about  25,000  francs)  or  by  its  large  size,  which  it  owes 
in  part  to  its  two  telescopes,  astronomical  instruments  of  great  power, 
about  5  feet  long  (1"'.52)^  and  provided  with  object-glasses  4  inches 
(0"*.10)  in  diameter.  Some  improvements  in  details  have  been  made  in 
it,  however,  w^hich  have  not  so  far  been  made  x>nblic.  The  apparatus 
consists  essentially  of  two  telescopes,  connected  by  a  fixed  base,  one  of 
which  can  be  moved  without  altering  the  length  of  the  base.  This  dis- 
placement can  be  measured  by  a  micrometer  which  gives  immediately 
the  distance  on  the  scale  when  the  pointing  of  the  second  telescope,  upon 
the  same  point  of  the  object  at  which  the  first  one  is  directed,  is  com- 
pleted. The  micrometer  screw  which  produces  and  measures  the  dis- 
placement of  the  movable  telescope  has  a  movement  equal  to  the  total 
arc  X— Xn.  It  is  provided  with  a  large  head  or  drum,  the  circumfer- 
ence of  which  is  divided  in  n  parts  proportionately  to  the  arcs  X— Xi, 

X— X2 Xni— Xn.    Each  division  corresiM>nds,  therefore,  to 

one  of  the  distances  c,  c  -f  m,  0  +  2m c  +nm. 

The  only  precaution  to  be  taken  is  to  give  to  the  head  of  the  screw"  a 
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Bufficientij  large  radius  that  the  division  of  the  scale  nearest  n—1  and 
n  may  be  suffl^ently  distinct.  Fig.  3  is  a  plan  of  the  apparatas.  Fig. 
4  is  a  vertical  section  throagh  its  length;  the  two  ends  of  the  cover  are 
turned  back  and  the  instrument  arranged  for  the  operation.  Fig.  5 
shows  the  box  closed  for  transportation.  Figs.  6,  7,  8,  9, 10,  and  11 
represent  on  a  larger  scale  the  principal  parts  of  the  apparatus.  These, 
of  which  it  is  proper  to  first  speak,  are  the  two  tekweopea  A  and  B,  of  a 
construction  as  perfect  as  possible  for  an  optical  instrument ;  the  right 
one,  B,  remaining  fixed  during  the  operation,  while  the  other,  A,  can  be 
turned  horizontally  around  pivots  ai  a^  placed  at  the  forward  part. 

The  two  telescopes  are  connected  by  a  rigid  system  of  stems  or  tubes, 
C  C ;  one  bar  or  tube,  L,  having  a  parabolic  profile  and  a  section  in 
the  form  of  a  cross,  by  two  cross-pieces, /y,  and  four  collars,  6  c  d  f. 
Tbe  horizontal  bar  C,  which  serves  as  the  axis  of  rotation  of  tbe  system 
of  the  two  telescopes,  is  supported  by  two  sleeves,  D  and  E,  and  secured 
by  the  collars,  which  prevent  the  displacement  of  the  whole  in  the  direc- 
tion of  its  length.  The  sleeve  D,  in  which  the  left  end  of  the  axis  C  is 
able  to  turn  horizontally,  can  itself  turn  on  the  vertical  pivot  h  (Fig.  6). 
It  is  thus  that  this  pivot  ser\'es  to  center  the  displacement  of  the  sleeve 
E  and  of  the  whole  system.  The  lower  part  of  the  support  of  the  sleeve 
E  is  guided  upon  the  portion  of  the  circumference  I  I,  described  about 
the  pivot  ^  as  a  center ;  it  rests  on  the  arc  I  I,  through  three  small 
rollers,  2  2  (Figs.  9  and  11),  and  can  be  secured  there  by  means  of  the 
pressure- screw  Z.  To  this  part  of  the  support-  is  secured  a  screw,  L 
(Fig.  9),  taming  in  a  screw-nut,  k,  and  acting  upon  the  upper  movable 
part  of  the  support  H,  against  the  lower  part  of  which  the  screw-nut  k 
is  supported.  The  up])er  part  of  the  support  H  is  sustained  from  the 
opposite  side  by  the  head  N  of  the  spiral  spring  lij,  contained  in  the 
inuflF  M ;  two  rollers  facilitate  the  movement,  and  the  accurate  pointing 
of  the  telescope  B  is  thus  obtained.  The  latter  is  able,  however,  to  turn 
around  a  horizontal  axis  placed  at  the  collar  d ;  this  displacement  is  regu- 
lated by  the  two  screws  K  connected  with  the  collar  c,  and  permits  the 
adjustment  of  the  horizontal  threads  of  the  two  telescopes. 

The  whole  system  has  thus  a  vertical  movement  around  the  axis  C 
C,  together  with  a  horizontal  movement  around  tbe  pivot  hi  The  two 
telescopes  A  and  B  are  thus  moved  at  the  same  time  and  to  the  same 
extent  horizontally  and  vertically.  This  simultaneous  movement  is  of 
great  importance,  as  much  so  for  rajudity  and  exactness  of  the  observa- 
tions, as  for  simplicity  of  construction  of  the  instrument. 

In  addition  to  this  the  telescope  A,  by  an  independent  movement,  is 
able  to  turn  around  the  pivot  aj  a^  placed  at  its  forward  part.  Each 
telescope  has  an  eye-glass  moved  by  arrack  and  pinion  for  large  and 
small  distances.  The  principal  poiiit  of  the  operation  is  to  direct  the 
vertical  thread  of  the  telescope  B  upon  some  part'  of  the  fixed  object 
whose  distance  is  to  be  measured,  and  then  to  direct  the  vertical  thread 
of  A  exactly  upon  the  same  i>oint. 

If  the  two  lines  of  sight  were  adjustinl  before  the  commencement  of 
these  operations  so  as  to  intersect  exactly  at  the  shortest  distances,  the 
arc  described  by  the  telescope  A  around  Ui  a^  will  indicate  the  distance 
sought. 

The  measure  of  this  arc  can  be  given  by  a  difi:erential  screw,  or  by  a 
simple  micrometer  screw,  as  shown  in  the  drawing.  The  spiral  spring 
Ki  (Fig.  7)  preserves  the  contact  of  a  steel  point,  fixed  to  the  telescope 
A,  against  a  steel  plate  which  terminates  the  micrometric  screw  S.  The 
latter  is  secured  to  the  cross-bar/,  but  in  such  a  way  as  to  permit  the 
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necessary  displacement  in  order  to  a<Ijast  the  instmment  to  the  short- 
est distance. 

The  dimensions  of  the  drum  T  correspond  to  the  extremities  of  the 
arcs  x^  X.,  .  .  .  jTq,  and  consequently  to  the  distances  to  be  measured ; 
an  index,  TJ,  showing  immediately  in  each  case,  by  a  simple  reading,  as 
soon  as  the  telescope  A  is  at  rest,  the  distance  sought.  The  divisions 
run  from  50  to  50  meters,  as  those  of  the  sights  of  small  arms  and  of 
cannon.  The  instrument  can  be  transported  by  two  men,  the  box  hav- 
ing handles  like  a  hand-barrow,  or  it  can  be  placed  on  a  wagon  which 
can  be  attached  to  an  artillery  caisson. 

To  fix  it  in  position  it  is  sufficient  to  drop  the  hinged  legs,  which  take 
an  oblique  direction,  as  shown  in  Fig.  4.  The  two  ends  of  the  box, 
secured  by  the  hinges  x  x,  are  then  turned  back.  The  vertical  thread 
of  B  is  pointed  on  the  edge  of  an  objecrt  i)laced  at  300  meters,  and  the 
telescope  A  adjusted  in  the  direction  of  the  same  point;  then  the  hor- 
izontal threads  are  made  to  correspond  by  moving  the  screw  k  on  the 
collar  e  (Figs.  9  and  10).  Thus  adjusted  the  apparatus  is  ready  for  serv- 
ice: first,  the  telescope  B  is  pointed  upon  the  object  whose  distance  is 
to  be  measured,  then  the  telescope  A,  by  turning  the  micrometric  screw ; 
the  coincidence  obtained,  the  index  U  indicates  the  distance  sought. 
The  instrument  rei)resent8  a  base  of  2  meters ;  it  measures  and  marks 
distances  irom  300  meters  to  1,800  meters  to  about  25  meters,  and  up 
to  3,000  meters  to  50  meters.* 

The  dimensions  should  change  with  the  range  of  the  arms  with  which 
the  firing  is  made.  About  10  seconds  is  necessary  to  arrange  the  in- 
strument on  the  field  of  battle.  The  measure  of  each  distance  requires 
from  10  to  15  seconds.  The  arrangement  above  described  is  that  which 
gives  the  best  results;  this  can  be  varied,- however,  by  keeping  the 
micrometric  apparatus  in  the  condition  shown  above. 

The  following  systems  have  been  tried  to  measure  the  angle  described 
by  the  telescope  A  around  ^i  ^2:  1st.  A  circular  disk  provided  with  a 
screw,  each  turn  of  which  corresponds  in  length  to  one  of  the  distances 
to  be  meiisured;  the  ends  will  form  a  s]>iral;  the  disk  has  connected 
with  it  a  turning  dnim,  the  upper  face  of  which  is  graduated  horizon- 
tally. 2d.  An  eccentric  disk  acting  against  a  small  roller  attached  to 
the  telescope  A;  the  eccentricity  is  equal  to  the  largest  arc  described ; 
the  disk  is  graduated  upon  its  plane  face.  3d.  A  wedge  which  works 
between  a  small  roller  attached  to  the  telescope  A  and  a  fixed  slide-bar 
or  guide.  The  employment  of  the  wedge  has  given  measurements  suf- 
ficiently exact  and  easy. 

The  micrometer,  however,  represented  in  Figs.  6  and  7  appears 
preferable  as  easier  to  manage  without  danger  of  deranging  the  point- 
ing. Any  one  of  these  micrometric  arrangements  can  be  equally  well 
applied  to  a  telemeter  composed  of  two  telescopes  connected  in  a  fixed 
and  unchangeable  manner.  But  if  such  an  arrangement  be  adopted,  in 
pointing  the  second  telescope  the  first  one  is  carried  along  with  it,  in 
consequencje  of  which  the  verification  of  the  initial  direction  is  prevented. 

It  is  then  a  serious  inconvenience  which  is  avoided  in  the  instrument 
the  description  of  which  has  been  given. 

Extract  from  the  Engineer .  by 

P.  DOMBRE, 
Captain  of  Artillery, 

*  Recent  improveineiits  permit,  it  is  said,  the  measuring  of  distances  as  high  as  6>000 
meters,  the  error  in  estimating  committed  being  less  than  the  average  error  in  range 
of  artiUery  now  in  use. 
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EXPERIMENTS  IN  PRUSSIA  WITH  THE  BERDAN  TELEMETER. 

{Translated  from  the  Eevue  ^Artillerie  ofApril^  1878.) 

This  telemeter  was  described  in  the  October  number  of  1877  of  the 
Revue  dHArtilleriej  from  an,  article  in  the  Engineer. 

The  model  tested  in  Prussia  is  a  little  different  from  the  one  pre- 
viously described,  but  the  geometrical  i>riuciplesand  its  general  arrange- 
ments are  the  same. 

The  instrument  consists  externally  of  a  movable  box  4  meters  long, 
1".52  wide,  and  about  0™.30  high,  which  ia  transx>orted  on  another  box 
mounted  on  four  wheels. 

From  experiments  made  at  Mariendorf,  near  Berlin,  on  the  8th  of 
March  last,  in  the  presence  of  delegates  and  military  attaches  of  high 
rank,  it  appears  that  the  rapidity  of  putting  in  position  and  measuring 
is  very  great,  since  the  whole  of  the  two  operations  only  required  from 
15  to  20  seconds;  in  spite  of  unfavorable  weather  the  measurement«$ 
made  were  extremely  precise.  At  1,573  meters  there  was  no  difference 
between  the  exact  and  the  instrument  measurements  ]  at  2,194  meters 
there  was  only  an  error  of  1  meter. 

Later  experiments,  made  on  the  19th  of  March,  had  for  their  object  the 
proving  of  the  solidity  of  the  instrument  and  the  measurement  of  the 
distances  of  moving  objects.  An  object  at  1,640  meters  was  chosen,  and 
the  instrument  with  four  horses  attached  was  made  to  cross  a  trench 
four  times.  The  telemeter  stood  the  test  perfectly,  because,  as  proving 
it,  in  spite  of  these  shocks  it  measured  a  distance  of  1,640  to  1,641  meters. 
Different  persons  then  measured  the  distance  to  a  mounted  officer  who 
was  manoeuvring  a  company ;  the  instrument  gave  from  1,550  to  1,560 
meters.  Afterward  the  distance  at  which  the  men  were  was  taken,  and 
the  instrument  indicated  from  1,570  to  1,580  meters. 

{Allgemeine  Militar  Zeitung  et  National  Zeitung,) 


THE  IMPROVED  TELEMETER,  BERDAN. 

{Translated  from  the  Revue  WArtillerie  of  May^  1879.) 

Plate  III. 
Germany — Telemeter — Berdan. 

General  Berdan  has  recently  modified  his  telemeter  for  garrison  and 
sea-coast  service,  and  constructed  a  new  model  intended  for  field  and 
mountain  artillery. 

This  last  instrument  is  constructed  upon  the  same  optical  principle  as 
that  which  was  applied  in  the  telemeter  of  great  range.  The  inventor 
rightly  thought  that  his  first  telemeter  was  too  heavy  for  field  and 
mountain  batteries,  and  endeavored  to  make  this  instrument  lighter, 
more  easily  handled,  and  cheai)er.  The  telemeter  represented  in  {Plati? 
Ill)  Figure  1  is  the  old  instrument  modified ;  it  is  called  No.  6  in  the 
series  of  General  Berdan's  essays.  In  this  model  the  box  can  be  tnrne4l 
in  all  directions  independently  of  the  wagon. 

The  instrument  has  a  fixed  base  of  4  meters;  two  telescopes  of  1"*.50, 
with  object-glasses  90™"  in  diameter,  and  a  reckoner  which  indicates 
directly  distances  up  to  10,000  meters.    The  author  asserts  that  it  only 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.    *      385 

takes  30  seconds  on  an  average  to  estimate  distances,  and  that  the  errors 
of  observation  are  less,  even  for  movable  objects,  than  the  average  error 
in  range  resulting  from  the  precision  of  fire  of  artillery. 

This  instrument,  although  more  powerful  than  the  one  described  pre- 
viously {Revtie  WArtillerie  of  October,  1877),  and  more  easily  handled, 
in  consequence  of  the  rapidity  with  which  the  first  telescoi)e  can  be 
directed  upon  the  object  to  be  sighted,  is  still  too  cumbersome  for  service 
with  field-batteries,  and  should  be  reserved  for  garrison  and  sea-coast 
batteries.  Telemeter  Ko.  7  (Plate  III,  Figures  2  and  3)  is  of  smaller 
dimensions ;  it  is  quite  portable.  Figure  2  represents  it  packed  up,  the 
box  and  the  instrument  on  one  side  of  the  horse  and  the  folding-stand 
balancing  them  on  the  other  side. 

In  Figure  3  the  instrument  is  in  position  ready  for  use.  It  has  a  base 
of  1™.33 ;  the  telescopes  are  1™.12  long,  and  the  reckoner  is  graduated 
up  to  6,000  meters.  For  transx)ortation  the  telescopes  are  packed  in  the 
direction  of  the  length  of  the  instrument. 

The  power  of  this  telemeter  is  one-half  that  of  No.  6 ;  one  operation 
occupies  about  30  seconds.  The  weight  of  No.  7  is  only  70  kilometers 
{154  pounds),  while  that  of  No.  6  is  about  1,000  kilometers  (2,200  pounds). 
No.  7  is  therefore  suited  to  field  and  mountain  batteries,  as  well  as  for 
observation  on  shipboard. 

The  inventor  is  now  working  at  a  telemeter  for  infantry.  This  instru- 
ment (which  will  be  called  No.  8)  will  be  on  the  same  plan  as  No.  7,  but 
smaller  and  lighter.  It  can  be  carried  on  the  field  of  battle  by  means 
of  a  hand-barrow  by  the  pioneers  charged  with  the  observations. 

General  Berdan  thinks  that  the  very  high  price  of  his  instrument  • 
ought  Bot  to  be  considered  in  the  choice  of  a  telemeter,  in  consequence 
of  the  advantages  which  result  from  the  exact  determination  of  dis- 
tances. It,  is  impossible,  in  his  opinion,  to  construct  a  practical  instru- 
ment smaller  and  cheaper,  for  he  thinks  it  absolutely  necessary  to  have 
a  fixed  base  and  a  reckoner ;  now  the  fixed  base  being  always  tolerably 
amall  (4  meters  at  the  most),  involves  necessarily  the  employment  of 
iwwerful  telescopes. 


NOLAN^S  RANGE-FINDER. 

Plates  IV,  V,  and  VI. 

The  principal  parts  of  Nolan's  range-finder  are — 

1.  Two  instruments  for  measuring  angles. 

2.  One  tape-line. 

3.  One  reckoning  cylinder. 

Each  of  the  two  instruments  consists  of  two  telescopes,*  which  lie 
crosswise  one  above  the  other  uuder  an  angle  of  about  90^ ;  the  smaller 
of  the  two  has  a  long  arm,  with  a  vernier  at  one  end ;  to  the  other  a 
sector  is  fastened,  which  is  divided  up  into  degrees. 

By  means  of  a  screw,  an  angle  of  about  20^  can  be  described  by  the 
upper  or  smaller  telescope. 

The  reckoning  cylinder  consists  of  a  solid  body  and  two  rotating 
rings.    The  lower  ring  and  the  lower  edge  of  the  body  are  divided  into 

Francs. 

*  Telemeter  No.  6,  with  carriage 25,000 

Telemeter  No.  6,  without  carnage 20,000 

Telemeter  No.  7 5,000 

Telemeter  No.  8 3,750 

25  ORD 
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100  equal  parts.  On  the  upper  ring  are  the  logarithms  of  the  figures^ 
and  on  the  upper  edge  of  the  body  are  the  logarithms  of  the  signs,  from 
6"  up  to  2o  15'. 

To  find  the  range,  the  instruments  on  their  tripods  are  arranged  at 
the  end  of  the  assumed  base-line,  which  is  perpendicular  to  the  range; 
or  the  instruments  may  be  attached  to  the  right  and  left  guns  of  a  bat- 
tery. The  long  telescopes  are  turned  toward  the  object  whose  distance 
is  to  be  found ;  the  smaller  ones  upon  each  other,  and  the  cross-threads 
of  each  made  to  cover  the  cross-lines  on  the  leather  disk  through  which 
each  small  telescope  points.  The  coincidence  obtained  by  directing  tlie 
longer  telescope  on  the  object,  the  two  angles  at  the  base  are  determined ; 
the  base-line  being  measured,  one  side  and  two  angles  of  the  triangle 
are  obtained.  With  this  cUtta  recourse  is  then  had  to  the  reckoning 
cylinder.  The  arrow  marked  "band"  is  set  on  the  figure  that  corre- 
sponds with  the  distance  between  the  instruments  or  base-line — say  34 
yards;  then  set  the  arrow  on  the  lower  ring  on  the  figure  corresponding 
with  the  angle  found  through  the  instrument — say  18^;  then  find  the 
figure  for  the  number  of  degrees  of  the  other  angle — say  42^  on  the 
lower  ring.  Just  above  that  is  the  figures  60  on  the  other  division  of 
the  lower  ring ;  coinciding  with  this  on  the  lower  edge  of  the  upper  ring 
is  the  distance,  1,320  yards.  The  bases  used  are  from  30  to  40  yards  for 
a  range  of  3,000  yards  and  over. 
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APPENDIX  Y. 

SHOWING  STATIONS  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  THE  1st  OF  OCTOBER,  H^d. 

liank  and  name.  Duty. 


BRlGADIEK-fiBNEKAL. 

Stepiikn  V.  Benet Chiev  of  Ordxaxce. 

COIX)!<EU. 

1.  p.  V.  Hagner,  brevet  brigadier  general.    Commanding  the  Waterrlic^ Arsenal. 

2.  T.  T.  S.  Liaidlev.  brevet Commanding  the  Watertown  Arsenal. 

3.  J.  G.  Benton,  ^rt^vet Commanding  the  National  Armory. 

L1EUTENAXT-COL05EL8. 

1.  J.  McAllister,  brevet  colonel Commanding  the  Benicia  Arsenal. 

2.  S.  Crispin,  brevet  colonel Commanding  the  Ordnance  Agency;  President  of  the 

Ordnance  BoanI,  and  Constructor  of  Ordnance. 

3.  T.  G.  Baylor,  brevet  colonel Commanding  the  New  York  Arsenal,  and  member  of  the 

Ordnance  Board. 
4    J.  M.  Whittemore Commanding  the  Frankford  Arsenal. 

MAJOBS. 

1.  A.  R.  Bnffington,  brevet Commanding  the  Allegheny  ArsenaL 

2.  D.  W.  Flagler,  bvt.  lieutenAn^colouol. .   Commanding  the  Rock  laiand  Arsenal. 

3.  A.  Mordecai,  brevet  lieutenant-colonel.    Instructor  of  Ordnance   and   Gunner3%  U.  S.  Military 

Academy. 

4.  S.  C.  Lvford.  brevet  lleutenant-oolonel . .  On  duty  In  the  office  of  the  Chief  of  Ordnance. 

5.  ¥.  H.  barker,  brevet Commanding  the  Atlantic  Powder  Depot. 

6.  J.  P.  Farley Commanding  the  Kennebec  Arsenal. 

7.  L.S.  Babbitt Commanding  the  Fort  Monroe  Arsenal. 

8.  W.  A.Mar^'e Commanding  the  AuKusta  Arsenal. 

9.  I.  Arnold,  jr    Commanding  the  Indianapolis  Arsenal. 

10.   C.Comly Commanding  the  San  Antonio  Arsenal,   and  Chief  Ord- 
nance Officer  Department  of  Texas. 
\ 

CAn-AIKS. 

1.  J.H.Rollins,  brevet* Assistant  Waterv'Iiet  Arsenal  (on  sick  leave  of  absence 

for  one  year  from  May  I,  1879.) 

2.  J.  R  McGinness,  brevet  m%)or Commanding  the  Saint  *L<mls  Powder  Depot. 

3.  G.  W.  McKee,  brevet  mi^or Commanding  the  Washington  Arsenal. 

4.  F.  H.  Phipps,  brevet Recorder  of  the  Ordnance  Board. 

5.  J.  W.  Reilly,  brevet Chief  Ordnance  Officer  Military  Division  of  the  Missouri. 

6.  J.  A.  Kress,  brevet  m^jor ,  Commanding  the  Vancouver  Arsenal,  and  Chief  Ordnance 

Officer  Department  of  the  Columbia. 

7.  O.  E.  Mlchaells,  brevet Chief  Ordnance  Officer  Department  of  Dakota. 

8.  W.  Prince,  brevet Sick  leave  of  absence  for  one  year  from  June  5,  1879. 

9.  C.  £.  Dutton Kecretarv  of  the  Public  Land  Commission,  Department 

of  the  Int-erior. 

10.  J.G.Bntler Assistant-,  Watervllet  Arsenal. 

1 1.  C.  Bryant i  Assistant  to  the  Constructor  of  Ordnance. 

12.  A.  L.  V  amey Assistant,  Watervllet  Arsenal. 

13.  J.  C.  Clifford Assistant,  Rook  Island  Arsenal. 

14.  E.  M.  Wright Assistant,  Frankford  Arsenal. 

15.  J.E.Greer Assistant,  National  Armory. 

10.  J.  Pitman Assistant,  Watertov^-n  Arsenal. 

17.  C.  Shaler Chief  Onlnance  Officer  Department  of  the  South. 

18.  H.  Metcalfe Assistant,  Frankford  Arsenal,  and  Inspector  of  Contract 

Ammunition. 

J9.    W.  S.  Starring Assistant  to  the  Constructor  of  Ordnance. 

20.   C.S.Smith Assistant,  Onlnance  Agency. 

FIRST  LIEUTENANTS. 

1.  S.E.  Blunt Acting  Assistant  Professor  of  Mathematics,  and  Assist- 

ant to  the  Instructor  of  Ordnance  and  Cuiiut*ry,  U.  S. 
Military  Academy., 

2.  F.  Heath Assistant,  Rock  Island  Arsenal. 


» 


Capt.  J.  n.  Rollins,  on  aocoiitt  of  Ul-health,  waived  promotion  to  the  grade  of  major. 
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Statement  showing  stations  and  duties  of  officers  of  Ordnance  Departmentf  ^-c. — Continued. 


Rank  and  name.  i  Duty. 


First  u kui  exaxt»— Continued. 


3.  D.M.Taylor Chief  Ordnance  Officer  Department  of  the  Miaaouri.  and 

commandinc  the  Fort  Leavenworth  Ordnance  Depot. 

i.  D.  A.  Lyle i  Assistant,  Nalioual  Armory,  and  member  of  the  Board  on 

I  Life-saving  Apparatus,  ^c,  under  the  Secretary  of  the 
Treaaory. 

^.  J.  Rockwell,  jr |  Assistant  Instructor  of  Ordnance  and  Gmmery,  Military 

Academy. 

^  W.  B.  Weir I  Commandmgthe  Cheyenne  Ordnance  Depot. 

7.  J.C.Ayres Commanding  the  Fort  Abraham  Lincoln  Ordnance  Depot 

-  J^  M.  W.JLyon..: ,  Asaistaut^  Benicia  Arsenal. 

9.  C.W.Whipple I  Assistant  to  the  Constructor  of  Ordnance. 

10.  A.H.Russeil Assistant,  Watertown  Arsenal. 

11.  RBimie,  jr i  Assistant,  National  Armory. 

12.  LMacNutt Assistant.  Rock Liland  Arsenal. - 

13.  C.  C.  Morrison ,  Assistant,  National  Armory. 

14.  F.Baker I  Assistant,  Rock  Island  Arsenal. 

15.  O.B.Mitcham ». ,  Acting  Assistant  Professor  of  the  French  Language  and 

I      English  Studies. 
18.  H.D.Borup I  Assistant,  Frankford  Arsenal. 

OBDNANCE  BT0BEKSEPER8.  I 

(Not  in  the  line  of  promotion.) 

CIngeraoll,  mi^or On  duty.  National  Armory. 

W.  R.  Shoemaker,  captain In  charge,  Fort  Union  Arsenal. 

B.  H.  Gilbreth.  captain  . . .'. I  On  sick  leave  of  absence. 

£.  D.  EllswortK  captain On  sick  leave  ot  absence. 

W.Adams,  captain |  On  duty,  Fort  Monroe  Arsenal. 

A.  S.  M.  Morgan,  captain On  duty,  Allegheny  Arsenal. 

W.  H.  Rezfoni,  captain I  On  temporary  duty,  Benicia  Arsenal. 

F.  Whyte,  captain j  On  duty,  Washington  Arsenal. 

D.J.  Young,  captain |  On  duty,  WatervUet  ArsenaL 

M.  J.  Grealiflh,  captain ./ >  On  duty,  Augusta  Arsenal. 
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oil,  Dr.  W.  E.  Woodbridge  (eleven  plates) 228 

Appendix  N.— Trajectories  of  army  revolvers,  Capt.  J.  E.  Greer,  Ordnance  De- 
partment (one  plat«) 257 

Appendix  O. — Trajectories  of  thef  Springfield  and  the  Peabody-Martini  rifles, 

Capt.  J  E.  Greer,  Ordnance  Department  (one  plate) 261 

Appendix  P. — Experiments  with  small-arms — space  between  bullet  and  pow- 
der, Ca])t.  J.  E.  Greer,  Ordnance  Department 263 

Appendix  Q. — Action  of  sea-water  on  brass  cartridges,  Captain  J.  E.  Greer, 

Ordnance  Department ! .      267 

Appendix  R. — Report  on  the  manufacture  of  certain  life-saving  guns,  Lieut.  C. 

W.  Whipple,  Ordnance  Department  (seven  plates) 270 

Appendix  S. — Description  of  the  Lyle-Emery  grapple-shot,  Lieut.  D.  A.  Lyle, 

Ordnance  Department  (four  plates) 291 

Appendix  T. — Description  of  the  Laidley  cavalry  forge,  Col.  T.  T.  S.  Laidley, 

Ordnance  Department  (seven  plates) 295 

Appendix  U.— Swollen  barrels  in  s<^vice  small-arms,  Capt.  J.  E.  Greer,  Ord- 
nance Department 301 

Appendix  V. — Reports  on  Indian  arms,  Capt.  J.  E.  Greer  and  Lieuts.  D.  A. 
Lyle  and  R.  Birnie,  jr..  Ordnance  Department,  and  Master-Machinist  8.  W. 
Porter,  National  Armory  (ten  plates) 303 

Appendix  W.— Reports  on  multiball  cartridges  for  small-arms,  M^j.  J.  M.  Whit- 
tomore,  Capts.  E.  M.  Wright  and  J.  E.  Greer,  and  Lieuts.  R.  Birnie,  jr.,  and 
C.  C.  Morrison,  Ordnance  Department  (forty-tour  plates) 329 

Appendix  X. — Report  on  range-finders,  Capt.  F.  H.  Phipps,  Ordnance  Depart- 
ment (six  plates) \ 373 

Appendix  Y. — Showing  stations  and  duties  of  the  officers  of  the  Ordnance  De- 
partment on  the  1st  of  October,  1879 387 

Apportionment  : 

to  the  States  and  Territories  of  ordnance  and  ordnance  stores,  &c.,  under 
sections  1661  and  1667  Revised  Statutes  U.  8 51 

Ammunition  : 
Small-arm : 

stat-ement  of  issues  to  the  military  establishment 33 

militia 54 

Field: 

statement  of  issues  to  the  military  establishment 33, 34 

militia 54 

Armament  of  fortifications: 

the  urgency  of  liberal  appropriations  for .---  7 

progress  during  the  year  of  the  alt-eration  of  casemate-carriages  for  8-inch 

converted  guns 7 

progress  of  conversion  of  15-incli  S.  B.  into  11 -inch  rifles 8 

the  use  of  B.  L.  rifles  in  casemated  works  a  mere  matter  of  time 8 

plans  for  conversion  of  our  present  guns  into  B.  L.  rifles  in  hand ti 

progress  during  the  year  with  chambered  rifles,  (B.  L.),  field  rifle,  powder 
tests,  experimental  and  machine  guns 8 

Arms,  Indian: 

reports  on:  {See  Indian  amis) '. i--      303 

Arms  and  munitions  of  war: 

to  what  organizations  furnished  besides  the  Regular  Army  and  militia 3 

the  law  authorizing  issue  to  colleges  should  be  modified 14 

issued  to  States  in  1861  to  1865  on  their  quotiw,  and  sold  through  wrong 

interpretation  of  law,  should  not  be  charged  to  them  in  full.*.. 15 

small-arms  manufactured  during  the  year 15 

Indian  arms  received  from  the  field,  the  rex>ort  on 18, 19 

Army  revolvers: 

reiwrt  on  tr£^jectories  of :  {See  Trajectories) 257 

Arsenals,  Armories,  and  Depots: 

reasons  why  the  amounts  asked  for  should  be  grant.ed 4,5 

Denicia  arsenal,  the  wants  of ♦. - 5,6 

Rock  Island  arsenal,  progress  of  buildings 5 

San  Antonio,  estimate  for  purchase  of  adjoining  land  renewed 6 

Artesian  Well: 

at  Benicia  arsenal,  present  and  esti mated  addi tional  depth  of 5 

progress,  report  on,  by  Lieut.  Col.  J.  McAllister .., - 215 

Baylor,  Lieut.  Col.  T.  G.  : 

member  of  the  Ordnance  Board,  report  on  gunpowder,  &c 91 
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Bayonets  and  intrenching  tools ? 18 

Barreijs  for  gunpowder: 

dimensions  of 110 

marks  on 117 

Barrels  for  guns:  (5w  Swollen  barrels) 301 

Benton,  Col.  J.  G.  : 

on  swollen  gnn-barrels 301 

Benicia  arsenal: 

present  condition  of  the  artesian  well  at 5 

want  of  better  manufacturing  and  storing  facilities 5 

progress  report-  on  the  artesian  well  for  fiscal  year  1879 215 

Berdan  telemeter:  (5ee Telemeter) 379 

improved:  (See  Telemeter) 384 

Birnie,  Jr.,  Lieut.  R.  : 

repiort  on  multiball  cartridges  for  small-arms 329 

report  on  Merwin,  Hulbert  &.  Co.'s  multiball  cartridges 367 

Board,  Equipment 18 

Ordnance  reports * 91 

to  teert  and  rex>ort  on  Wright's  multiball  cartridges 354 

report  on  Merwin,  Hulbert  &.  Co.  's  multiball  cartridges 367 

Bouleng£  chronograph: 

for  proof  of  powder ^ 115 

Brass  cartridges: 

action  of  sea-water  on,  report 267 

Breach-loacing  rifles: 

advantages  of  using  in  casemated  works 8 

trial  of  a  wrought-iron  field-gun  converted  into  a  B.  L.  rifie 9 

Buckshot  cartridge:  (/Sw  Multiball  cartridge) 331 

Cannon,  revolving  :  ( See  HotohkisB  revolving  cannon) 143 

Cannon  powders: 

report  on  experimental,  by  Capt.  C.  S.  Smith 85 

Carbines,  Springfield: 

manufactured  during  the  year .* IS 

Carriage  : 

for  the  Hotchkiss  revolving  cannon,  caliber  1.5  inch 148 

alteration  in  the  12-inch  nfle 75 

Flank  dtfense: 

for  the  Hotchkiss  revolving  cannon,  caliber  1 .5  inch •. 163 

results  of  firing  at  Sandy  Hook 164 

record  of  firing  at  Sandy  Hook,  April  9  to  16,  1879 165,166,167 

Cartridges  : 

paper,  issues  to  the  military  establishment 33 

metallic,  issues  to  the  military  establishment .* 33 

for  field-guns,  issues  to  the  military  establishment 33, 34 

brass,  action  of  sea-water  on 267 

MuhihaXl: 

report  on,  for  Catling  gun 197 

small-arms:  (/Se^  Multiball  cartridges) 329 

the  trials  of 1 19 

Cavalry  forge:  (5m Laidley's  cavah-y forge) 295 

Chambered  gun: 

progress  report  on  a  3.17-inch  M!L.  rifie 181 

carriage,  powder^  and  projectiles  for 1 181 

resulta  of  firing 181 

record  of  firing  at  Sandy  Hook 183 

CHA3IBERED  RIFLES : 

valuable  results  firom  testing  a  3-inch 8 

Chronograph.  Boulong6  : 

for  proof  or  powder 115 

Clerical  force  : 

inadequacy  of 20 

reasons  for  its  restoration  in  number  and  grade  to  that  of  the  fiuscal  year 

1876 .   20 

Colleges: 

the  law  relating  to  the  issue  of  arms,  d^c,  calls  for  modifications 14 

when  to  be  provided  with  an  officer  of  the  Regular  Army  and  arms,  d^c,  . 

should  be  specially  designated  by  the  legislative  of  the  State  interested .  14 

issues  of  arms,  &,c.,  during  the  fiscal  year  1879 56 
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Constructor  of  ordnance  :      • 

reports f. 60 

Converted  guns  : 

ll-tnc^ — constmctlon  of  11-inch  M.  L.  from  15-inch  S.  B 61 

description  and  rifling  of 61 

venting 62 

details  of  fabrication 62,63,64 

inspection 64 

principal  dimensions  and  weishts  before  and  after  conversion 64, 65 

Z-inoh — construction  of  a  3-inch  B.  L.  rifle 67 

the  object  of  conversion  to  determine  the  proper  charge  for  this  caliber. .  67 

description ,..  67 

rifling,  chambering,  and  venting 68 

details  of  fabrication 6ft 

principal  dimensions  and  weight.... 69 

3. 16-inc/ik— construction  of  a  3. l^inch  M.  L.  rifle,  chambered 71 

'   the  object  of  construction 71 

description  of  gun^  rifling,  and  venting 71,72 

details  of  fabrication 72 

pi;^ncipal  dimensions  and  weight 72 

4.5-inc^-— description  and  design  of  the  steel  parts  required  for  the  conver- 
sion of  a  4^-inch  M.  L.  rifle  into  a  B.  L.  chambered  rifle 82 

Converted  guns  : 

3. 17-tncA^-Gon8truction  of  a  3.17-inch  M.  L.  rifle,  rapid  twist 73 

object  of  construction  and  description  of  gun 73 

original  and  altered  rifling  compared 73 

fabrication,  details,  and  inspection 73 

Winch — ^progress  report  on  11-inch  M.  L.  rifle,  converted  from  a  15-inch 

S.  B.  eun 188 

record  of  firing  at  Sandy  Hook,  August  1  to  October  7,  1879 189 

"Deane"  bronze  gun  : 

progress  report  on  3.5-inch,  givine  summary  of  results 141 

table  of  enlargements  of  bore,  before  and  after  firing 142 

Davis,  Mr. :  (iSee  Life-saving  guns) 272 

Densimeter,  mercury:  (iSee Mercury  densimeter) •..  Ill 

Executive  Departments  : 

issues  of  arms,  &c.,  to,  during  the  fiscal  year  1879 59 

Equipment  board  : 

on  bayonet  and  intrenching-tools * 18 

Expenditures  : 

of  the  Ordnance  Department  for  fiscal  year  1879 • 3 

Experimental  guns  : 

those  designated  for  trial 9,10 

by  conversion  :  {See  Converted  guns) 

Experimental  cannon  powders  : 

report  by  Capt.  C.  S.  Smith 85 

hexagonal 85,86 

sphero-hexagonal 86,87 

square .• 87 

schaghicoke  polyhedral ^ • 88 

Hazard's  cubical 88 

English  pebble 88,89 

progressive 89 

powders  for  4.5-inch  siege  rifle 89,90 

powders  for  3-inch  andS.5-inch  field  rifles 90 

Experiments  : 

report  on,  with  small  arms 263 

space  between  bullet  and  powder  charge 263 

velocities 263 

accuracv  at  300  and  500  yards 264 

efi*ect  of  rapid  continued  firing • 264 

rifle  sights  and  powder 265,266 

Fabrications: 

at  the  arsenals  during  the  fiscal  year  1879 23 

Flagler,  Maj.  D.  W. : 

report  of  principal  operations  at  Rock  Island  arsenal  for  the  fiscal  year  1879.  201 

Field  range  finder,  (Watkins):  (/Sto  Bange  finder) 373 

Flank  defense  carriage: 

for  Hotchkifis  revolving  cannon ,  caliber  1.5  inches 163 


INDEX.  393 

FOBTIFICATIONS : 

better  armament  urged..... 6 

Gas-checks  : 

for  B.  L.  rifles,  both  steel  and  copper  used  in  experiments  with  the  d-inch 

B.  L.  rifle...: T4 

mode  of  constmction  of  an  d^inch  of  steel  and  copper  combined 74 

Gatlixg  GCKy  caliber  .45  (English  model:) 

report  on,  with  new  pointing  apparatus *..........« 190 

record  of  firing  at  Sandy  Hook,  September  25  to  27,  1S79..P 192 

report  on  pointing  apparatus  by  Capt.  John  E.  Greer 194 

report  on  multiball  cartridges  for...  1 197 

record  of  firing  with  Wright's  multiball  cartridges 197-200 

Greer,  Capt.  John  E. 

report  on  new  pointing  apparatus  for  Gatling  gun  (English  model),  cali- 
ber .45 194 

report  on  trajectories  of  Army  revolvers 257 

report  on  trajectories  of  the  Springfield  and  Peabody-Martini  rifles 261 

report  on  experiments  with  small  arms 263 

report  on  action  of  sea-water  on  brass  cartridges • 267 

report  on  swollen  (small  arm)  barrels 301,302 

report  on  Indian  arms • 303 

report  on  multiball  cartridges  for  small  arms •. 329 

report  on  multiball  cartridges  for  service  revolvers.... 345 

report  on  Merwin,  Hulbert  &.  Co.'s  multiball  cartridges 367 

Guns:  (See  Converted  guns,  Rifles,  and  Reports  andGathng  guns.) 

Gun  cotton  : 

manufacture  of 130-132 

Gun  barrels:  (<Sm  Swollen  barrels.) 301 

Gunpowder  for  cannon  :  ( See  Experimental  cannon  powders) 65 

far  4.5-iiicfc  rifle:  progreias  report  of  Ordnance  Board 135 

record  of  experiments  made  to  ascertain  proper  kind  and  charge  for  the 

4.5.inch  rifle 136 

for  S4ttch  rifle:  results  obtained  with  exiierimental  and  other  powders  firom 

8-inch  rifles 139 

Gunpowder  : 

by  what  name  known  for  small  arms,  field  guns,  cannon  for  light  siege  guns, 

and  for  heavy  S.  C.  guns 92 

materials  of  gunpowder 9^ 

of  saltpeter  (an  ingredient) 92 

test  of  crude  saltpeter ^ 93 

of  charcoal  (an  ingredient) 96 

ofsulphur  (an  ingredient) 95 

g:enefal  qualities  of  and  inspection  of  powder 110 

size  of  grain Ill 

gravimetric  density  and  specific  gravity  of Ill 

process  of  determining  tiie  specific  gravity  of  a  sample  of  large  grained 

powder 114-115 

determination  of  moisture  and  resistance 115 

anal^^sis  of  gunpowder 116 

determination  of  the  charcoal 117 

niter 117 

sulphur 117 

proportion  of  in^^redients  in  the  United  States  and  foreign  Ber\nce 116 

restoring  unserviceable  powder 118 

preservation,  storage,  and  transportation 118 

magazines  for 119 

Special  powders 122 

hexagonal 124 

prismatic  perforated  cake  powder 124 

pellet  powder  (how  made) 126 

pebble  powder  ( how  made) 128 

Wiener  powder 130 

Italian  progressive  jwwder 130 

M<ickinea  used  in  man ufaotu re  of 97 

the  charcoal  grinding  mill • 97,96 

the  saltpeter  and  sulphur  grinding  apparatus 98, 99 

the  mixing  machine 99 

the  incorporating  mill 99,101 

the  breakiug  down  machine « 102 
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Machines  used  in  manufacture  of: 

the  hydraulic  pressing  apparatus 103 

the  granulating  machine 104-106 

the  dusting  reels ; 106,107 

the  glazing  harrel 108 

the  drying  stove ^ 106,109 

the  pellet  powder  machine ■ 136 

the  pebhle  powder  machine 12H 

racking 109 

dimensions  of  powder  barrels " 110 

marks  on  powder  barrels 117 

HOTCHKISS  MAGAZINE  RIFLES: 

number  manufactured  during  the  fiscal  year  1879 15 

in  the  hands  of  the  Regular  Army  for  trial 15 

HOTCIIKISS  RKVOLVING  CANNON: 

flank  defense  carriage  for:  (iSto  Carriage) 163 

HoTCHKiss  REVOLVING  CANNON,  Caliber  1.5  inches  . . .  -• 143 

the  general  system 143 

principal  dimensions  and  weights,  &c.,  of  the  gun 147 

the  ammunition , 145 

principal  dimensions  and  weights,  &.C.,  of  the  ammunition 147 

the  shell 145 

weights  and  dimensions  of  sheU  and  shot 147 

the  fuse 146 

the  cartridge  case 146 

w^eight  and  dimensions  of  the  cartridge  case 148 

the  charge  of  powder 148 

the  lubricator  ..--.  147 

the  carriage 148 

principal  dimensions  and  weights  of  carriage ^..  149 

the  limber  and  ammunition  chest 149 

results  of  firing  at  Sandy  Hook 150 

at  200  yards 150 

at  1,000  yards 162 

at2,000yard8 152 

results  in  France  and  Brazil 152 

report  of  trial  by  French  Grovemment  (translation) 154 

Government  of  Brazil  (translation) 158 

record  of  firing  at  Sandy  Hook  in  1876  and  1877  and  results 159 

November  1  to  December  5,  1878 162 

conclusions  of  board... 161 

HoTCHKiss  REVOLVING  CANNON  (light  field  model),  caliber  1.5  inches 173 

weights  and  dimensions  of  gun,  shell,  and  cartridge  case 173 

charge  of  powder 173 

weight  of  carriage - 173 

results  of  firing j 173 

at  200,  500,  and  1,000  yards 174 

report  of  the  artillery  commission  of  the  Russian  imperial  marine  (transla- 
tion)   174 

target  record  of  firing  at  Sandy  Hook  May  8  to  9,  1879 178 

HOTCHKISS  PROJECTILES: 

relative  destructive  effects  of 169 

triple-wall  shell 169 

field  shell 169 

results  of  firing  at  Sandy  Hook 169 

target  record  of  firing  at  Sandy  Hook  March  12  to  19,  1879 171, 172 

Intrenching  toolb: 

Board  on 18 

Inspectors  : 

for  the  militia 13 

IXI^IAN  ARMS  * 

by  Lieut.  J.  W.  Pope,  Fifth  Infantry 321 

Indian  arms: 

rei>ort  made  on  number  sent  in  from  field 18, 19 

Indian  arms: 

by  Capt.  J.  W.  Reilly 326 

Indian  arms: 

by  Capt.  O.  E.  Michaelis 322,323 
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Indian  akms  (captured): 

reports  on 303 

a  few,  described 303 

iveigrhts,  charf^e  of  powder,  length  of  barrel,  and  weight  of  ball,  compared 

•   with  Springfield  rifle 303 

for  accuracy 304 

rapidity  wiih  accuracy 304 

penetration 304 

velocities    • 305 

energies 'M'y 

tabalar  statement  of  condition  of 307-^17 

classification 318 

the  sights 320 

LiAiDLEY,  Col.  T.  T.  8. : 

text-book  on  rifle  firing 17 

report  on  Laidley  cavalry  forge 295 

Laidlet  cavalry  forge:  '    ' 

by  Col.  T.  T.  S.'Laidley,  Ordnance  Department 295 

the  body 296 

forge '. „ 297 

boxes 298 

instrnctions  for  use 299 

dimensions  and  weights  : 300 

Life-saving  guns: 

report  on  the  manufacture  of «....  270 

composition  of 270 

Mr.  Davis's  suggestions  for  improving  character  of  castings 273 

proof 277 

inspection • 279 

firing  record  of  gun  No.  18  subjected  to  extreme  proof 278 

mechanical  tests  of  specimens  (tables) 280-287 

Lyle-Emery  grapplb-shot  : 

report  on 291 

dimensions  and  weight * 292 

action  and  "use   292,293 

Lylb,  Lieut.  D.  A. : 

description  of  the  Lyle-Emery  grapple-shot 291 

report  on  Indian  arms * 303 

Lightning  conductors  : 

for  powder  magazines 121 

Machine  guns: 

tests  for  a  flank  defense  carriage 10 

Magazines: 

for  powder 119 

Manufacture  of  life-saving  guns: 

report  on:  (See  Life-saving  guns) 270 

McAluster,  Lieut.  Col.  J. : 

progress  report  on  artesian  well  at  Benicia  arsenal,  Calfomia,  for  fiscal 

year  1879 215 

Measurement  : 

of  powder  pressures  on  cannon  by  compression  of  oil 228 

Mercury  densimeter: 

for  determining  specific  gravity  of  gunpowder 111-114 

Merwin,  Hulbbrt  &  Co.:  (5«?  Multiball  cartridges): 

report  on  their  multiball  cartridges 36.S 

ask  an  ofiicial  trial,  with  one  style  of  loading * 365 

Metals: 

machine  for  testing  strength  of 18 

MiCHAEUS,  Cai»t.  O.  E.  : 

on  Indian  arms 322 

MiDVALE  STEEL  WORKS: 

report  on  character  of  plant  at,  and  capacity  of  works,  &c 82 

Military  establishment: 

issues  to,  during  the  fiscal  year  1879  (except  the  militia) 27 

Militia  . 

issues  to,  during  the  fiscal  year  1879 52 

as  a  national  reserve  in  lieu  of  volunteers 14 

reasons  for  breaking  loose  from  the  theories  of  the  past  in  respect  to  the 

nation's  dependence  in  years  of  trial 14 
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arms  chargml  to  States  on  quotas  from  1631  to  1635  and  sold  through  wrong 

interpretation  of  law  should  be  credited  equitably 15 

powers  of  Congress  in  relation  to,  under  the  Constitution 10 

a  reorganization  of,  the  growing  feeling 11 

a  per  diem  allowance  recommended  for  camp  service  of 11 

the  principlo^of  camp  service  should  be  established  by  legal  enactment 11 

issue  of  arms  and  equipments  should  be  dependent  on  organization  and  dis- 

cipline 11 

Congress  should  provide  for  the  organizatiou  and  discipline  of  200,000  mili< 

tiamen 11 

'J      to  be  distributed  in  the  proportion  of  about  700  to  each  Congressional  dis- 
trict, Territory,  and  District  of  Columbia 11 

the  annual  appropriations  for  arms  and  equipments  estimat<ed 11 

strength  of  the  present  organized  and  unorganized  militia 12 

the  want  of  a  large  standing  army  compensated  for 12 

the  appropriation  for  annual  encampment 12 

the  present  laws  in  relation  to  the  militia  need  a  thorough  revision 12 

should  be  armed  and  equipped  with  the  same  munitions  of  war  as  the  Regu- 
lar Army IH 

annual  inspection  of. 13 

rifle  ranges,  and  suitable  prizes  for Hi 

how  the  efficiency  of,  may  be  enhanced  through  a  military  education 13 

Morrison,  Lieut.  C.  C.  : 

report  on  multiball  cartridges  for  small  arms 329 

MULTIBALL  cartridges: 

reports  of  trials 19 

report  on,  for  Gatling  guns 197 

for  small  anus 329 

for  service  revolvers,  by  Capt.  £.  M.  Wright 341, 352 

by  Capt.  John  £.  Greer 345 

changes  necessary  in  Colt's  revolver  for  adaptation  to  this  cartridge .  ^ 330 

report  of  a  board  to  test  Wright's  multiball  cartridges 354 

velocities « 354 

recoils ^ .* 355 

penetration , 355 

accuracy  with  muzzle  rest 356 

accuracy  in  firing,  moving 356 

dispersion 358 

target  records .369-362 

record  of  firing  (Wright's  multiball  cartridges)  with  Gatling  gun,  calilier  .45. 

at  Sandy  Hook,  October  3,  4,  and  November  29.  30, 1878 197-200 

report  on  Merwin,  Hulbert  &.  Co.'s,  by  M%j.  J.  M.  Whittemore 363 

description • 363 

accuracy  at  60  yards  and  100  yards 363 

fouling ; 363 

approximate  effective  ranges ^ 363 
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